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PREFACE 


The  following  thiid  and  last  volume  of  thb  Adas  indudes  the  xemunder  of  the  vascular 
system  and  the  entire  nen'ous  system,  together  mth  the  organs  of  special  sense. 

Long  years  of  experience  in  the  dissecting-room  have  led  the  author  to  depict  the  peripheral 
cer>'es  and  blood-vessels  as  the  studoit  is  accustomed  to  see  them  in  the  cadaver,  i.  e.,  the  vessels 
and  nerves  together  m  the  same  iqpon.  Conseiiuently,  as  a  rule,  the  arteries  and  nerves,  or  the 
arteries,  veins  and  nerves,  or  the  arteries  and  veins,  have  been  shown  in  the  same  illustration, 
and  this  rule  has  been  departed  from  only  in  those  instances  where,  for  the  sake  of  clearness 
(in  the  case  of  the  cerebral  nenes,  for  example),  complementary  pictures  with  the  nerves  or 
arteries  alone  have  been  added. 

This  anangement  of  the  material  has  the  advantage  fbaX  the  student  ushig  the  atlas  in  the 
dissecting-room  can  find  upon  a  single  pag^  the  great  majority  of  the  structures  found  in  a  layer 
of  his  dissection  and  is  not  forced  to  hunt  through  the  volume  and  waste  much  time  in  unnecessar)' 
search.  At  the  same  time,  the  reader  of  the  book  receives  in  this  manner  a  series  of  composite 
topographic  illustrations. 

A  reproduction  m  colors  was  Tendered  absolutdy  necessary  by  the  simultaneous  repiesenta- 
thm  of  the  Wood-vessels  and  nerves.  In  the  interest  of  s]>ecial  difTerentiation  the  arteries  were 
consequently  colored  retl,  the  veins  blue,  and  the  ncr\'es  bright  yellow.  For  the  production  of 
the  colors,  as  for  the  production  of  all  the  plates  in  the  volume,  half-ioncs  were  cmj>loye(i,  which 
have  been  faultlessly  prepared  by  the  wcU-known  Vienna  firm  of  Angerer  &  Goschl.  Tlie  yellow, 
red,  and  blue  plates  were  at  the  same  time  made  use  of  for  the  colocatioD  of  the  remaintng  ti.<«ues 
in  the  illustrations  (mttsdes,  Ixxies,  fat,  skin,  etc.),  and  in  this  manner  colored  illustrations  \\  ere 
obtained  which  arc  most  comprchensiv<  n.n  I  nl'hough  not  absolute  reproductions  of  tlie  (iis= 
sections,  they  rorresiioncl  in  a  schematic  manner  in  the  colorings  of  the  ditTerent  tissues.  All 
the  illustrations  in  this  Atlas  were  prepared  from  original  drawings  by  K.  Hajck,  who  has  again 
demoGstrated  his  artistic  talent  and  clevemeas  m  the  representation  of  anatonucal  structures. 

As  previoudy  mentioned  in  the  Preface  to  the  first  volume,  the  chief  aim  of  the  author  has 
been  to  produce  a  useful  book  for  the  medical  student  and  the  physic  ian,  rather  than  an  atlas 
for  the  finished  anatomist.  He  who  wishes  to  pursue  more  advance<l  work  along  >[KTial  lines; 
will  be  forced  to  consult  special  work."s  and  would  lind  this  Atlas  insufficient  were  it  to  contain 
twice  as  much.  The  great  «ae  of  such  a  woric  and  the  burdenaooK  number  of  special  dissections 
would  be  of  interest  only  to  the  expert  anatomist,  and  would  .serve  rather  to  confuse  the  student 
and  the  physician  and  render  it  more  difTicult  for  them  to  find  what  (hcv  need.  My  main  purpose 
was,  therefore,  to  limit  myself  to  the  most  necessar>'  data  and  to  arrange  these  in  a  series  of  com* 
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po'-ito  r>ictrirp«^  which  %vould  be  as  comprehensive  as  possihU-.  Tn  the  representation  of  the 
caitral  nervous  system  and  its  fibers  great  tare  has  been  exercised,  since  my  experience  has 
been  tliat  too  much  material  is  confuiiing  rather  than  instiuctivei  especially  since  it  might  be 
necessary  in  a  short  time  to  make  many  akerations  on  account  of  changes  fai  oinnioo  dependent 
upon  the  i>rogrL  >^  of  investigation. 

The  majority  of  the  jireyia  rat  ions  from  uhich  tlic  illustrations  were  made  have  been  dissected 
by  myself  especially  for  this  work,  altiiough  other  complementary  disseclions  have  orra<ionally 
been  introduced.  The  greater  number  of  the  illustrations  arc  exact  reproductions  ot  the  dis- 
sections; minor  accidental  variations  have  usually  been  represented,  «noe  fh^  are  frequently 
found  by  the  student  himsrlf,  l  )ut  the  more  striking  anomalies  have  been  corrected  fay  comparative 
dissections.  Some  of  the  ilhi<t rations  have  been  drawn  from  specimens  in  the  anatomical  col- 
leri  ion  of  the  \\'ur?.buig  In&titutc,  and  for  permi&iioa  to  utilize  this  material  I  am  greatly  indebted 
lo  i'rofessor  bioiir. 

The  Autbob. 
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THE  ARTERIES. 

The  arteries  of  the  body  may  be  divided  into  those  of  the  puhnomaiy  cuciUiitiain  and  those 
of  the  systemic  circuUtion.  Each  system  originates  m  a        arterial  trunk,  that  of  the  greater 

or  systemic  circulation  being  known  as  the  aorM  (sec  Vol.  II,  pa^e  167),  while  that  of  the  lesser 
or  pulmonary  circulation  is  the  pulmonary  artery  (see  Vol.  U,  page  167). 

The  Dtvtlopmeia  «f  Ife*  ArUriat  Syslem.—The  prfanlti've  mlii7<mic  bewt  gives  off  but  a  ringle  arterU  tube,  the 

truHfus  itrlrriosus,  which  subscfiucntly  divides  mlo  iwo  primitive  aorl;r,  each  forming  an  arch  with  its  convexity  directed 
toward  the  head.  Kach  arch  consists  of  an  ascending  ventral  limb,  originating  from  the  Iruncus  arteriosus,  and  a 
deacvnding  dorsal  limb,  which  unites  with  its  fellow  of  the  opposite  side  to  form  the  primitive  descending  aorta. 

BHween  the  vcnml  and  daraai  limbs  of  the  prioiitive  aortic  arches  transverse  connectioas,  known  as  Ihe  branchial 
arteries,  develoip.  They  are  five  in  number  upon  nch  aide.*  each  biandiial  artery  beinic  rituated  in  a  vnceral  arch,  and 
thrv  (-arl\'  bi  -.  omr  i\<  \<  !opfd  to  '.iirh  .in  >  \ti  nl  tli.it  l!u  limbs  of  thr  i  jriuin.il  .uirtii  :iri  hi  s  F*xm  appear  to  he  mere  con- 
nections Wlwctn  th«;m.  Both  the  pcrn;.uiriit  .inrtii  artiv  v,illi  its  liriinchcs  and  ihc  pulmonary  artery  arc  developed 
from  the  branchial  arleileat iOttM  [lortions  of  whii  1i,  together  with  their  i-onnections,  persist,  while  others dbappCBT.  Thus 
the  fourth  pair  of  branchial  arteries  and  their  dorsal  ooonectioa  with  the  £fth  are  retained  and  form  the  pennaaeBl  aortic 
arch  upon  the  left  side,  and  tbe  mtiominale  artery  and  proximal  portion  of  the  subclavian  upon  the  ri^ht.  The  third 
|»air  also  per>ist  .is  tlii  i  u-inv  tiuns  b.i«n  n  thr  !ini-n,il  ;ii)it  cMiTii.il  carotid  arteries,  their  ventral  conm  i  licins  wi'h  the 
fourth  pair  forming  ihc  common  carotids,  while  the  first  and  secuad  pair  completely  disappear,  as  do  also  the  dorsal 
conncclions  between  the  third  and  fourth  pair  of  veasds.  The  ventral  connectioas  of  the  tUnl  and  second  and  second 
and  first  vessels  become  the  t'xlfrniil  i  .uotiik,  whili-  ibi  rorrrsponHin^  d'^^rsal  connect! OtIS  form  the  internal  caiMldB. 
The  right  fifth  arch  diMpjA^ars,  the  leil  bccom«s  the  ili;.  lu';   irii  iidsus. 

The  truncus  arteriosus  by  its  longitudinal  di\-isii>n  (sec  \  <il.  II,  p.iRc  180)  gives  rise  to  the  permanent  aorta  and 
the  pulmonary  artery,  the  latter  having  conoectcd  with  it  the  fifth  pair  uf  branchial  arteries  From  each  of  these  a  branch 
pasiinf  to  the  lungs  develops,  and  the  portion  of  die  right  artery  between  the  branch  and  the  right  aortic  arch  dis- 
.ip)«  :irs,  whili  tlu  1 . irrcsponding  portion  of  the  left  artery  persists  until  l  irth  ;is  thf  dm  tus  .irti  r-. isus.  Fif.-illy,  tlu» 
pofiiuii  uf  the  right  aortic  arch  below  the  point  where  it  gives  off  the  distal  portion  of  the  subclavian  artery  dis- 
appears, the  left  aich  pcniflting  ia  its  coliccty  ta  tern  the  portloo  of  tlie  fcnmanent  Mrlic  arch,  dbtal  to  the  origin 
of  the  innominate  artery. 

*  (.\  rudimentary  sixth  branchi.il  artery  prolxibly  occurs,  intervening  between  the  fourth  and  fifth,  as  enumerated 
above,  but  since  it  takes  no  part  in  Ihc  (ormatioo  of  the  permanent  vessels  and  remains  rudimentary,  it  may  be  dtsrr- 
gatded  iia  what  foOomt, — Bo.) 
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THE  PULMONARY  ARTERY. 

The  pulmonary  artery  (Figs.  447,  448,  455,  518,  519,  and  521),  5  to  6  cm.  in  length,  is  a 
wide  but  rather  thin*walled  tube,  which  arises  from  the  oonus  arteriosus  of  the  right  ventride 

of  the  heart.  Itsoi^inis  situated  In  front  of  the  aorta,  between  the  tips  of  the  two  auricles,  and 
it  passe*;  upward,  barkwanl,  and  to  the  left  at  the  left  side  of  the  ascending  aorta,  both  vessels 
being  enclosed  within  the  pericardium  and  invested  by  the  epicardium  (se  c  Vol.  11,  page  181),  and 
unked  by  firm  iudculi  of  coonecdve  tissue.  After  penetrating  the  pericardium  and  ivaching 
the  level  of  the  fourth  thoracic  vertebra,  the  puhnonazy  artery  divides  beneath  the  aortic  arch 
into  a  right  and  a  left  branch,  which  pass  to  thdr  respective  lungs.  The  division  takes  place 
just  as  the  pulmonary  artcPi'  emcrj^es  from  the  pK:ricardium,  so  that  the  inferior  aspects  of  both 
branches  are  invested  with  epicardium  for  a  short  distance. 

Eadi  baanch  runs  almost  transversely  to  the  hilus  of  its  lung,  but  eadi  hdds  a  different 
rdation  to  the  neighboring  great  vessels,  tMurticolariy* to  the  aorta.  The  right  branch  is  somewhat 
longer  and  larger  than  the  left  and  passes  bdiind  the  ascending  aorta  and  the  superior  vena 
cava;  the  smaller  and  shorter  left  bram  h,  however,  is  situated  in  front  of  the  descending  aorta. 

Before  entering  the  hilus  of  its  lung  each  pulmonary  artery  subdivides,  the  branches  in  general 
being  associated  with  the  bronchi  and  the  subsequent  smaller  divisions  following  the  brcaichtal 
ramifications.  These  subdivisions  of  each  pulmonaiy  artery,  together  with  their  concspondiqg 
vdns  and  the  bronchus,  constitute  the  so-called  root  of  the  lung  (see  Vol.  11,  page  102).  The 
entrance  into  the  hilus  takes  place  in  such  a  manner  that  the  branches  of  the  left  pulmonari* 
artery  are  all  placed  above  and  in  front  of  the  corresjwnding  bronchial  rami,  while,  upon  the 
left  side,  an  eparterial  bronchus  passes  to  the  lung  above  the  branches  of  the  right  pubnonaiy 
artery  (see  VoL  II,  page  T03). 

Before  birth  the  ducfus  arteriosus  (B^lUli)  fomis  a  pcrv  ious  branch  of  the  pulmonar}'  artery, 
but  in  the  adult  it  is  represented  by  a  slender  fibrous  band,  tin  UgametUum  arleriosum,  which 
connects  the  bifurcation  of  the  pulmonary  arterj'  with  the  concavity  of  ih(  aortic  arch,  the  aortic 
attachment  being  situated  at  the  dividing  line  between  the  aorticjirch  and  ilie  descendiog  aorta. 
The  duct  is  patulous  untSJbirth  and  forms  the  direct  continuatioa  of  the  left  pulmonary  artery 
(see  Vol.  II,  page  169),  whOe  die  permaneiit  and  Isft  pulmonary  arteries  are  nothing  more 
than  subsidiary  branches  up  to  the  time  of  birth. 

The  branches  of  the  pulmonary  arteries  ramify  in  the  lung's  and  pass  over  into  a  \  t  ry  rlcnsc 
and  fine-meshed  capillary  network  which  gives  origin  to  tl)c  radicals  of  the  jjulnionaiy  veins. 
The  pulmonary  arteries  carry  venous  blood,  poor  in  oxygen  and  rich  in  caibon  dioxid,  which 
Is  arterialized  in  the  lung— «,     it  gives  off  carbon  dioxid  and  takes  up  oxygen. 

THE  AORTA. 

The  aorta  is  the  single,  principal  trunk  of  the  systemic  arterial  system,  anti  give^  origin 
either  directly  or  indirectly  to  all  of  its  arteries.  Its  wall'  is  considerably  thicker  than  that  of 
the  pulmonary  artery  and  appears  intensely  yellow  in  the  fresh  state  on  account  of  its  richness 

in  ela<;tic  tissue.  The  aorta  consists  of  a  short  ascending  portion,  the  ascendhii^  aorta ;  of  a  curved 
middle  portion,  the  arch  oj  the  aorta;  and  of  a  long  descending  terminal  portion,  the  descending 
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aorta.  It  arises  from  the  ai»tic  orifice  of  the  left  ventride,  behind  the  ptdmonaiy  artery,  and 
termmates  in  fant  of  the  body  of  the  fourth  lumbar  vertebra.  Throughout  its  course  its  caliber 
oonstaiitly  dimuiishes. 

The  de^cendi'np  aorta  is  further  subdivifiwl  into  two  parts,  which  are  demarcated  by  the 
diaphragm.  I'hat  portion  :>iiuatcd  above  the  diaphragm  is  kno\^TL  as  the  thoracic  aorta,  while 
that  portion  bdow  the  diaphragm  and  within      abdominal  cavity  is  called  the  abdemimei  aorta. 

The  dbtribution  of  the  principal  branches  of  the  aorta  is  as  follows:  The  ascending  aorta 
gives  off  only  the  coronary  arlerirs,  which  supply  the  1  r'  itself  with  nourishment;  the  aortic 
arch  furnishes  the  larixc  arterial  trunks  for  the  upper  half  of  the  bfxh',  the  innominate  artery 
upon  the  right  side  and  the  left  common  carotid  and  lejt  subclavian  arteries  upon  the  left.  The 
only  large  branches  of  the  thoracic  aorta  are  the  inkrcoM  arteries.  The  abdominal  aorta, 
however,  gives  off  numerous  branches,  some  of  whidi  axe  quite  large,  especially  those  passmg 
to  the  abdominal  viscera  (the  ccdiac,  the  superior  mesenteric,  the  inferior  meseiilrric,  the  renals, 
the  suprarenuls,  and  the  internal  spcrmatics);  the  smaller  branches  pass  to  the  abdominal  pari 
etcs  (the  inferior  phrenics  and  the  lumbars).  The  arterial  trunks  for  both  lower  extremities, 
the  common  Uiac  arteries,  arise  from  the  aortic  bifurcation  itself,  and  in  addition  almost  throughout 
the  entile  length  of  the  aorta  numerous  quite  small  branches  are  given  off  to  the  adjacent  tissues. 

THE  ASCENDING  AORTA. 

At  its  origin  from  t^ie  heart,  behind  the  commencement  of  tho  pulmonary  artery,  the  ascending 
aorta  (Figs^  5*';  5'  >,  533  to  538,  and  588)  exhibits  a  distinct  enlargement,  known  as  the  aartie  ' 
btdb.  hi  Htm  situation  aie  found  three  shallow  expansions  of  the  aortic  waD  which  correspond  , 
Vj  \hf  three  semilunar  valves  (see  Vol.  II,  page  180)  and  arc  called  the  aortic  sinuses  (simaes  ^ 
of  ViJsalva).    The  aorta  then  passes  iipwani  and  to  the  right,  on  the  right  side  of  the  ]>ulmon«tr>', 
artery  and  behind  the  manubrium  and  the  body  of  the  sternum,  and  has  to  the  left  and  some 
what  in  front  of  it  the  superior  vena  cava,  so  that  it  is  midway  between  the  latter  vessel  and  the 
pubnonary  artery.  The  right  branch  of  the  puhnonary  art»y,  die  right  pulmonary  veins,  and 
the  right  bronchus  an  Ijehind  the  ascending  aorta.    Almost  the  entire  length  of  the  ascending 
aorta  is  within  the  pericardium,  and  its  origin  is  partly  concealed  behind  the  right  auricle  (Fig.. 
533)- 

According  to  the  individual  breadth  of  the  sternum  the  ascending  aorta  is  situated  cither 
completely  behind  that  bone  or  extends  slightly  beyond  its  r^ht  sternal  mugih.  The  latter 
condition  obtains  especially  in  the  second  intercostal  space,  particularly  in  advanced  life,  as 
result  of  a  di>tinct  dilation  (the  p;reat  aortic  sinus)  of  the  aorta  at  the  point  where  the  impoc/- 
of  the  blood-stream  coming  from  the  heart  is  received.  r^' 

The  only  branches  of  the  ascending  aorta  are  the  coronar)'  arteries  of  the  heart  (Figs.  5^(^^ 
*™1  S37)>  which  arise  from  the  left  and  rig^t  aortic  sinuses.    These  vessds  are  of  modenite 
size  and  are  intcndedsdely  for  the  nourishment  of  the  heart,  esjK'cially  of  the  cardiac  niu-.culature. 

I.  The  left  coronary  artery  of  the  heart  arises  from  the  left  aorlir  sinus  and  is  sitiiate<i  in 
the  coronary  sulcus,  at  first  behind  the  root  of  the  pulmonar\'  artery.  I'.ither  in  this  situation 
or  dose  beside  the  root  of  the  pulmonary  artery  it  subdivides  into  its  two  terminals,  the  anterior 
iexeadhm  branch  and  the  atreimfiex  bratick.  The  circumflex  branch  runs  in  die  coronary  . 
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Fic.  536. — ^The  arteries  and  veins  of  the  heart  as  seen  from  in  front  (sternocostal  surfMe)^ 

A  |MN*ti0ll  of  the  eoBus  «rt«rfoBii«  sod  of  the  commcncenent  of  tlie  pulmooan,-  artery  has  lieen  cut  nwmy  in  order 

to  show  ihc  origin  of  the  left  coronarii'  arlerj-. 

Fig.  5  ^7. — The  arteries  and  veins  of  the  heart  as  seen  from  behind  and  below  (diaphragmatic  surface). 


stilciis  in  the  same  fUrcclion  as  ihr  parent  trunk,  passing  between  the  left  auricle  and  the  left 
ventricle  toward  the  diaphragmatic  surface  of  the  heart,  and  giving  oil  branches  to  the  left  atrium 
and  ventricte.  The  anterior  descending  branch  tuns  downward  in  the  anterior  Ungitudnul 
sulcus  toward  the  cardiac  apex  and  ramifies  over  both  ventricles. 

2.  The  right  coronary  artery  of  the  heart  (Figs.  536  and  ari';rs  from  the  right  aortic 
sinus  and  runs  in  the  right  half  of  the  coronary  «?iilcu-=;  toward  :hf  dia[ihrat,miatir  surfarc,  pivinp 
off  branches  to  the  right  atrium  and  ventricle.  One  of  its  terminal  branches  is  of  fair  size  and 
is  known  as  the  posterior  descenimg  branch;  it  passes  downward  in  the  posterior  longitudinal 
sulcus. 

The  two  coronary  arteries  are  connected  only  by  small  precapillary  ramificatioDs;  larger 

anastomoses  do  not  n(  c  nr. 

The  Arch  of  the  Aorta. — The  arch  of  the  aorta  (Figs.  518,  538,  and  588)  gives  origin  to 
the  largest  branches  o£  the  entire  aortic  stem,  and  the  caliber  of  the  vessel  consequently  diminidies 
rapidly  in  this  situation.  The  convexity  of  the  arch  is  directed  upward  and  the  concavity  down- 
ward, and  the  arch  is  placed  obliquely  in  the  thoracic  cavity,  since  at  its  commencement  at  the 
■>  g  aorta  it  is  dircclcd  anteriorly  and  to  the  right,  while  its  terminal  portion  Pt  the  desrend- 

iih.  .li  f  e*  inclines  iX)sleriorly  and  to  the  left.  The  root  of  the  left  lung  siluaieti  in  the  concavity 
of  the  arch  and  the  bifurcation  of  the  trachea  is  behind  it,  the  highest  point  of  Ihe  conWjiitx 
corresponding  to  the  level  of  the  body  of  the  third  thoracic  vertebra.  The  sharply  ctirved  com- 
mcniciucnt  of  the  arch  lies  behind  the  manubrium  and  (in  childhood)  behind  the  thymus;  the 
markcfUy  narrower  and  flatter  left  extremity  is  situatefl  at  the  left  margin  of  the  Ixxly  of  the 
fourth  thoracic  vertebra,  and  at  its  transition  to  the  descending  aorta  there  is  usually  a  narrowing 
of  the  aortic  tube,  forming  what  is  termed  the  aortic  islhrnui. 

The  branches  of  the  aortic  arch  are  subdivided  into  those  whidi  arise  from  its  convexity 
and  those  which  take  origin  from  its  concavity  or  from  its  posterior  wall.  'I'hc  latter  arc  (juile 
small  and  in<irrnificant  branches  for  individual  viscera  of  the  thoracic  ra\  ity;  ilie  former,  however, 
arc  the  large  arterial  trunks  for  the  upper  half  of  the  body.  Upon  the  two  sides  of  the  body 
the  arrangement  of  the  vessels  differs  considerably,  since  the  arteries  for  the  ri^t  half  of  die 
head  and  neck  and  for  the  right  arm  spring  from  a  common  trunk,  the  huummate  artery,  while 
the  corresponding  part^  upon  the  left  side  are  supplied  by  die  k}t  Common  carotid  and  lejt  sub- 
clavian arteries^  which  arise  separately  from  the  aortic  arch. 

Although  this  is  thp  normal  arrangement  of  the  branches  of  the  .lortir  arch,  dr%'iatians  in  the  order  of  origin  .ire 
not  iiiire(|UcntJy  encountered,  leading  ciUicr  to  on  increase  or  a  diminution  in  the  number  of  the  braaches.  The  most 
fraqneiM  anomalies  may  almost  without  eieceptiaii  be  caaily  explaiaed  fiom  Ihe  mode  of  die  devdo]iiaeiit  of  Ae  arterial 
system  (see  page  17)  and  are  as  follows: 

1.  The  right  common  carotid  and  subclavian  arteries  arise  direcdy  from  ihv  ac.  uc  arch  instead  of  from  the  iimotni- 
natc  artery. 

2.  The  left  vertebral  artery  arises  directly  from  the  arch  of  the  aorta. 
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Fig.  535. 


Fig.  53S.  The  superficial  blood-resscls  in  the  m^e  (diagrammatii.-).  The  venous  svstein  is  shown  on  the  right 
side  (the  superficial  veins  of  the  extremities  being  shown);  the  arterial  system  on  the  left.  The  small  fiRure  at  the 
left  shows  the  deep  arteries  of  the  leg:   that  at  the  right  the  arteries  of  the  back  of  the  hand. 
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3.  The  Ml  rommon  raroiid  tincry  is  given  oti  kom  ihv  iiuiujiunuU'  ai  ury,  which  Ihus  givts  origin  lo  three  vessel*. 
In  this  CMC  but  two  large  branches  arise  fmn  the  aortic  arch. 

4.  Thrre  h  also  *o  innominate  arter>'  upon  the  left  lide  (very  nre). 

5.  A  single  thyreotdcA  tna  artery  pasmn  upward  In  front  of  the  trach«a  «r  bH  bitcrnil  aimaar)-  artery  ariiM 

(iirr<  tlv  frinn  the  aortic  arch.  The  forru-r  is  an  i  \(  <■<  tlinijly  r.irc  <  n  1  urrcf.i  c.  the  thyfCdMcAlBl*  BIOrefrMltienily  arisilli; 
/rum  the  innominate  artery  and  even  more  rarely  from  the  common  carotid. 

6.  The  two  ooBimoD  caraiid  arteries  tinhe  to  form  a  median  imoninate  trunk  (very  rare). 

7.  The  right  subclavian  artery  arises  beyond  the  left  suIh  lavian  artery  and  Bliut  conieqiwntly  paaa  the  median 

line  and  cross  behind  the  oesophagus  to  reach  the  right  side  of  the  bod\. 

THE  INNOMINATE  ARTERY. 

The  innominate  artery  (Fiirs.  360,  45:,  452,  538,  and  5SS1  ;^  a  thick  tube  2.5  cm.  in  length, 
which  arises  from  the  conuncncemcnt  of  the  aortic  arch  almost  in  the  median  plane  of  the  body 
(or  even  soakewfaAt  to  the  left  of  it).  It  is  situated  behind  the  nmimbrium  stenii  and  divides 
behind  the  ri^t  stenioclavicular  joint  bito  its  two  temunab,  the  Hght  carotid  and  the 

right  subclaTnan  arteries,  the  innominate  being  the  arter}'  for  the  right  side  of  the  head  and  neck 
and  for  the  right  upper  extremity.  T(  rrosscs  the  trachea  at  an  acute  angle,  being  in  front  of 
this  structure  below,  and  lo  tin  right  alK)\  c,  and  it  is  itself  crosseti  by  the  left  innominate  vein 
which  is  placed  in  front  of  it,  while  the  right  innommate  vein  is  situated  to  the  right.  The  right 
vagus  nerve  is  also  found  to  the  right  of  the  innominate  artery. 

With  the  exception  of  its  two  terminals  the  innominate  artery  usually  gives  off  no  branches, 
although  it  may  occasiooaUy  give  rise  to  a  thyreoidea  ima, 

TUB  OOimON  CAROTID  ARTSRY. 

The  tjiifftk  of  the  eaimium  airatid  artery  (Pigs.  451,  4$a,  538,  5.^9,  550,  553,  588,  700,  and 

■JO-)  varies  \i[>on  the  two  sides,  inasmuch  as  the  right  artery  arises  irom  the  innominate,  while 
the  left  is  given  off  directly  from  the  aortic  arch.  The  rii^'ht  common  carotid  arter\'  is  conse- 
quently shorter  than  the  left.  The  latter  vessel  arises  from  the  convexity  of  the  aortic  arch 
at  about  its  middle  and  rtins  upward  upon  the  left  side  of  the  trachea  bdiind  the  left  innominate 
vein.  ThrougiMMit  the  remauider  of  its  course  h  holds  relations  identical  with  those  of  the  artery 
upon  the  right  side. 

Each  rommon  carotid  arlrr\'  passes  through  the  superior  thorarir  aperture  behind  the 
slcraoclavicular  articulation  and  the  origins  of  the  sternohyoid  and  stcmothyrcoid  muscles. 
In  the  neck  the  artery  b  s&uated  behuid  the  steroockidonnntokl,  the  mtermediate  tendon  of  the 
omohyoid,  and  partly  behind  the  outer  portion  of  the  stemothyreoid;  to  the  outer  side  it  b  in 
relation  with  the  internal  jugular  vein  and  to  the  inner  side  with  the  trachea  and  the  (tsoi»hagus. 
Behind  and  to  its  outer  side  is  the  vagus  ncn-c,  and  in  front  of  it,  in  adrfition  to  the  j)re- 
viously  mentioned  muscles,  is  the  descending  branch  of  the  hypoglossal  nenc.  Behind  the 
artery  an<l  separated  from  it  by  die  deep  layer  <d  the  rarncal  fascia  are  the  scalenus  anterior, 
tjke  longus  capitis,  and  the  longus  oolU.  The  superficial  and  the  deep  layers  of  the  cervical 
fascia  form  a  sheath  which  encloses  the  common  carotid  arter)-,  together  wi\h  the  neighboring 
internal  jttgiilar  vein,  the  vatjiis  ncr\-c,  and  the  dcsccndens  hv;io*^Io:-si,  and  fHwferioHy, 
and  in  a  special  compartment  ot  the  vascular  sheath,  the  cervical  portion  ot  the  sympathetic 
trunk  is  in  relation  with  the  artery. 
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Fig.  538.— The  large  vascular  and  ncrvnu^  irunks  of  the  posterior  (faondc  wa31  as  viewed  fnm  In  ffont 
and  somewhat  from  the  right. 
*=;Loaliaii<if  t«cHlhrib.  **  =  CoaMmmiotfott  between  azygog  and  lawt^uroM  voom. 
Fto.  539. — ^The  nerves  and  arteries  of  tlic  deeper  layer  of  the  left  side  of  the  neck;  the  nerves  add  veasds 
of  the  subclavicular  fossa  (fifth  lajrer  of  neck). 
Then        been  nmoveditbeoiDohTaldeue,  the  Intenul  juRutatr  vein  (at  x  «  am  lecn  die  upper  and  lower  enm- 

st-rtiuns;  X  —  cross-section  of  external  Jupularl,  The  insertion  r.f  the  rtemocleidoiiiastriidfu*  has  hem  rrflectrJ  upward 
and  the  iftlenius  capiU*  divided  aiong  the  line  of  the  ocdpilal  arier}'.  *  » Thoraco-acromial  \xm,  which  has  been 
divided  juit  fadore  its  temunatioa  in  the  ccpbaUc  win- 


Since  the  common  carotid  artery  passes  almost  directly  upwanl  it  must  crass  the  obliqudy 
placed  stemodeidomastoideus;  it  conseqtiendy  appears  in  the  caxotid  fossa  at  the  anterior  mar- 
gin of  the  muscle.   In  this  location  the  artery  is  superficial,  being  covered  only  by  the  cervical 

fa«;ria  and  the  platysma,  and  is  situated  beside  the  posterior  margin  of  the  thyreoid  cartilage  and 
the  lateral  surface  of  the  pharynx.  At  a  variable  height,  usually  at  the  level  of  the  superior  comu 
of  the  thyreoid  cartilage,  the  artery  biftucates  hito  its  two  tennhials,  the  txkmal  and  the  Inltmat 
ceroid  arteries. 

The  common  carotid  artery  gives  off  no  other  branches,  since  the  territorj'  throtigh  which 
it  passes  is  supplied  by  the  subclavian  arter}'.  Only  at  the  site  of  bifurcation  are  there  ';ome 
fine  capillaries  which  form  a  minute  vascular  plexus,  the  so-called  carotid  gland  or  glomus 
care^emm,* 

THE  EXTERNAL  GAROrilD  ARTERY. 

The  external  carotid  artery  (F^  539  to  543,  5SO>  S5'»  59'  ^  593»  ^W* 
700)  pursues  a  slightly  tortuous  course  in  the  same  direction  as  the  parent  trunk,  diminishing 
rapidly  in  caliber  and  jiassing  through  the  carotid  and  retromandibular  foss;e  to  the  region  of 
the  external  ear.  At  the  neck  of  the  mandible,  in  the  groove  between  the  root  of  the  external 
ear  and  the  temporomandibular  articubtion,  it  divides  into  its  two  tenninal  branches.  In  the 
carotid  fossa  the  artery  is  superfically  i^aced  like  the  common  carotid}  and  is  covered  only  by 
the  superficial  fascia,  the  ptatjfsma,  and  partly  also  by  the  common  facial  vein.  It  then  passes 
beneath  the  posterior  belly  of  the  digaptricus  and  the  stylohyoideus,  and  runs  between  these 
muscles  and  the  styloglossus  to  the  posterior  margin  of  the  ramus  of  the  mandible,  being  in  this 
pert  of  its  course  directed  somewhat  backward  and  inward,  and  more  <u  less  firmly  imbedded 
in  the  substance  of  the  parotid  gland. 

Including  the  two  terminals,  the  external  carotid  arti  ry  usually  gives  off  nine  branches. 
Five  arise  in  the  carotid  fossa,  the  suprrhr  (hyrmid,  the  Utii^ual.  the  external  jii'ixlllary  (fat  ial\ 
the  ascending  pharyngeal,  and  the  slcrnockidomasioid.  The  occipUal  and  poiUrior  auruuiar 
arteries  arise  in  the  retromandibular  fossa,  and  the  two  termmab  are  the  superficial  lempord 
and  the  itUernal  maxittary  arteries. 

I.  The  superior  thyreoid  artery  (Figs.  539,  551,  588,  695,  699,  and  700)  is  a  fairly  large 
vessel  which  arises  from  the  anterior  surface  of  the  external  carotid,  almost  immediately  above 

*  Ttu-  (inV.-  I.r.im  li  wliirh  •  i  iniillv  arl'v-i;  from  thr  romtnon  carctiil  arSi  rv  l'^  tlic  fhy'rroijr:  in:':.  This  origin  \ 
Un  it  is,  however,  cxccctlingly  rare;  u»uaiiy  u  arises  trom  the  innuminate  or,  in  the  rarest  instances,  tiirecuy  irom  the  ' 

aorik  anh. 
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the  bUurcatioo  of  the  commoQ  catotid  Aitery.  It  h  covered  by  the  cervical  fascia  and  platysma 
and  nuis  Uuough  the  tarotid  fossa  in  what  at  fint  a  goitle  upvrasd  curve,  finally  passing  down- 
ward bdiind  13m  superior  bdly  of  the  omohyoideus  to  reach  the  thyreoid  ^and.  Its  bvancbes 
are: 

(a)  The  hyoid  branch  (Figs.  539,  699,  and  700),  a  small  twig  to  the  anterior  surface  of  the 
body  of  the  hyoid  bone. 

(i)  The  superior  taryuged  ariery  (Figs.  539,  694,  695,  699,  and  700),  runs  hdiind  the  thy- 
leohyoideus  and  peiforates  the  hyoth)Teoid  membrane  in  company  with  the  superior  laryngeal 
ncrvf.  This  vessel,  together  with  the  inferior  lannj^eal  artery  from  the  inferior  thyreoid  (see 
page  40),  supplies  the  interior  of  the  larynx  as  well  as  ihc  neighboring  muscles.  A  long  and 
fairly  ccn&tant  crkothyreaid  branch  passes  to  the  cricothyreoideus  and  anastomoses  with  its 
fellow  of  the  opposite  side  in  front  of  the  middle  crioothyreoid  ligament. 

(«■)  The  sternocleidomastoid  branch  (Fig.  699'),  a  small  twig  to  tlic  muscle  of  the  same  name. 

f(/)  Cliitulular  Branches  (FIi;s.  5S8  and  695). — ^The  tcminal  ramification  of  the  artery  is 
\x\yon  the  thyreoid  gland,  supplying  the  isthmus  as  well  as  the  lateral  lobes,  and  these  twigs  axe 
frequently  given  off  from  two  rather  distinct  branches,  an  anterior  and  a  posterior. 

a.  The  lingual  artery  (Flgs.  544i  T**)  •'wos  from  the  anterior  suifaoe  of  the 

external  carotid  above  the  superior  thyreoid,  at  the  level  of  the  superior  comu  of  die  hyoid  bone. 
It  is  covered  by  the  phifysma  and  the  posterior  belly  of  the  dipastriciis  and  is  separated  from  the 
hypoglossal  nerve  by  the  hyt^ossus  muscle.  It  is  approximately  of  the  same  size  as  the  superior 
thyreoid  arter}'. 

It  passes  at  first  upward  and  inward  upon  the  medial  surface  of  the  hyof^issus,  and  then 

runs  almost  horizontally  fonvard  upon  the  under  surface  of  the  tongue,  giving  off  the  small  hyoid 
and  dorsal  Jini^ual  branches.    It  now  turns  rather  sharply  ujjwanl,  lyin-j  between  the  hyc^lossuv 
and  genioglossus,  and  subdivides  into  its  terminals  at  the  anterior  margin  of  the  former  muscle. 
In  addition  to  numerous  muscular  twigs  it  gives  off: 

(a)  The  hyoid  hraneh  (Figs.  695  and  699),  wually  hut  a  small  vessel  running  to  the  region 
of  the  hvoid  bone  and  neigburing  muscles,  and  anastomosing  tn  front  of  the  body  of  the  bone 

with  its  fellow  of  the  op{)Osite  side. 

(6)  Ihc  dorsal  lingual  branches  are  several  small  vessels  arising  from  the  posterior  portion 
of  the  arter)'  and  passing  to  the  dorsum  of  the  tongue  and  its  mucous  membrane,  also  giving 
off  muscular  branches.  The  most  posterior  vessels  extend  to  the  ep^oCtis  and  the  palatine 
tonsil,  wlicie  they  anastomose  with  the  branches  of  the  pharyngeal  and  ascending  palatine 
arteries. 

(c)  The  sublingual  artery  (Figs.  544  and  695)  is  the  smaller  of  the  two  terminal  branches, 
but  seems  to  be  the  direct  continuation  of  the  lingual  itself.  It  passes  beneath  the  sublingual 
gland  and  above  the  geniohyoideus  and  mylohyoideus  to  the  floor  of  the  mouth,  ramifying  hi 
the  sublingual  gland  inl  tlir  muscles,  and  gives  off  branches  which  jx-rforate  the  mylohyoMeus 
and  anastomose  in  the  submental  region  with  twigs  from  the  submental  arter)'. 

(d)  The  deep  lingual  artery  (l  igs.  544  and  695),  the  larger  terminal  branch,  runs  forward 
and  upward  to  the  lip  of  the  tongue  between  the  genioglossus  and  the  longitudinal  is  inferior, 
usually  pursuing  a  markedly  tortuous  course.  Numerous  small  branches  are  given  off  to  the 
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musdes  and  the  mucous  membrane  of  the  tongue,  most  oi  which  ascend  ak»g  the  fibers  of  ihe 
genio^ossus,  and  in  the  region  above  the  lineal  frenulum  a  larger  twig  anastomoses  with  the 

correspond  in    vc<^';cl  of  the  opposit'-    i!'-  to  form  the  ranine  arch. 

3.  The  ascending  pharyngeal  artery  (Fig.  693)  is  a  rather  small  vessel  springing  from 
the  posterior  aiipect  of  the  external  carotid  between  the  origins  of  the  superior  thyreoid  and  lin- 
gual arteries.  It  oocasionaUy  arises  from  the  external  maxillary  (facial)  artery.  Together  with 
the  internal  carotid  it  ascends  along  the  inner  side  of  tlic  i  xtcmal  carotid,  resting  upon  the  lateral 
surface  of  the  phan-nx,  the  iipp<T  portion  of  whic  h  ii  sup;)Iics  with  several  pharj'ngeal  branchc:>. 
These  vessels  nourish  the  pharyngeal  conslriclor^^,  the  -itylopharyngeus,  and  the  pharyngeal 
mucous  membrane,  and  terminate  in  the  region  of  the  palatine  arches  by  anastomosing  with  ilic- 
ascending  palatine  and  Ungual  arteries.  The  upper  extremity  of  the  ascending  phaiyngeal 
artery  extends  to  the  base  of  the  skull,  and  its  two  small  terminal  lir  mdio  enter  the  cranial 
cavity.  One  of  tlirse,  the  posterior  meningeal  artery,  yiasscs  through  the  Jugular  foramen  (o 
the  neighboring  portions  ol  the  dura  mater;  the  other,  the  inferior  tympanic  artery,  accompanies 
the  tympanic  nerve  through  the  tympanic  canaliculus  to  the  tympanum,  where  it  ramifies  upon 
the  promontory. 

4.  The  external^axillary  (facial)  artery  (Figs.  539  to  543,. 55t,  $88,  591  to  593,  687, 

6gr,  and  6<>j1  ari>e--  in  the  carotid  fossa  from  the  anterior  <^i!rfarc  of  the  external  carotid,  a', 
the  lowrr  margin  of  the  posterior  belly  of  the  digastricus  and  immediately  above  the  origin  ol 
the  lingual.  It  passes  upward  along  the  inner  side  of  the  posterior  belly  of  the  digastricus  until 
it  reaches  the  submaxtUary  r^on,  when  it  runs  almost  horiaontally  forward  along  the  iimer 
surface  of  the  base  of  the  mandible,  partly  concealed  by  the  submaxiUaiy  f^axtd.  Near  the 
anterior  margin  of  the  in-ertion  of  tlie  masscter  the  vessel  pas?e';  over  the-  mandible  and  jnir'-iiis 
an  obli<iuc  and  markcfily  tortuous  upward  course  until  it  reaches  the  root  of  the  nose,  some- 
portions  of  its  course  being  superficial,  while  others  are  situated  between  the  superficial  and 
deep  layns  of  the  facial  muscles.  The  branches  of  the  external  maxQlary  artery  may  be  sub> 
divided  into  the  ascending  ]>  ilanne  from  the  first  portion  of  the  artcr}-,  the  branches  arising 
from  the  horizontal  portion  in  the  submaxillary  region,  and  the  facial  branches. 

(11)  The  ascending  palatine  artery  (Figs.  687,  6(>3,  and  694)  runs  Uf)ward  ujwn  ihc  lateral 
wall  oi  the  pharynx,  passing  between  the  styloglossus  anil  stylophar>ngeus.  It  pierces  the 
pharyngeal  wall  and  runs  along  the  pharyngopalati^e  arch  to  the^s^t  palate,  the  isthmus  of 
the  fauces,  and  the  nasophantnnx,  giving  off  in  its  course  a  tonsillar  branch  for  the  palatine  tonsil. 
It  anastomoses  with  the  ascending  jjharyngta!  artery  (from  \\!iirh  vessel  it  occasionally  ar'>e<), 
with  the  flesrcnding  palatine  (sec  jiai^e  29),  :uid  wi;h  tlie  lingual.  This  artery  not  infrctjuently 
comes  otf  directly  from  the  external  carotid,  so  that  the  latter  vessel  then  lias  ten  branches. 

In  the  submaxillary  region  arc  given  off: 

(6)  The  glandular  branches  (Figs.  539  and  687),  passing  to  the  sutoiaxillary  ghmd.  Simi^ 

lar  branches  are  also  [:i^•en  oil  liy  tin;  next  ^■e•--^e1. 

(r>  The  submental  artery  iFigs.  539,  543,  551,  592,  067,  and  -00),  a  moderately  large  vessel 
situated  upon  the  lower  surface  of  the  mylohyoideus,  between  the  anterior  belly  of  the  digas- 
tricus and  the  border  of  the  mandible  and  running  fwwaid  toward  the  chin.  The  artery  gives 
branches  to  the  neighboring  parts  (gland,  muscles,  skin),  and  upon  reaching  the  skin  anastomoses 
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with  its  fellow  of  the  opposite  side  and  with  the  facial  brancht^  of  tht-  c.xtcrniil  maxillary  and 
mental  arteries.  It  is  aixmnpattied  by  the  submental  vein  and  the  mylohyoid  nerve.  The 
facial  bnmcbes  axe: 

(«/)  The  injerior  labial  artery  (Figs.  541,  542,  691,  and  692),  which  arises  at  the  level  of 
the  lower  teeth  at  the  outer  marfjin  of  the  trianfjjularis,  passes  behind  this  mti?c!e  and  runs  in 
the  lower  lip,  either  between  the  muscular  tibers  or  t)etween  the  musculature  and  the  labial  glands 
At  the  lower  border  of  the  red  poitioii  of  the  Up.  It  anastooioBes  in  ttw  meduui  line  with  its 
fdkm  of  the  opposite  side,  and  its  course  is  usually  nuurkedly  tortuous. 

(ff)  The  superior  foMof  artery  (Figs.  540  to  542,  6gi,  and  692)  holds  the  same  relation  to 
the  upper  lip  the  prercding  vessel  does  to  the  lo\\cr.  It  arises  from  the  external  maxillar>' 
at  the  point  where  it  becomes  superficial  between  the  zygomaticus  and  the  zygomatic  head  of  the 
quadr^us  labii  superKms.  It  pursues  a  tortuous  course,  gives  off  a  slender  tw%  to  the  anterlor 
portion  of  the  nasal  septum,  and  anastomoses  with  the  oorrespcnding  artery  of  the  opposite 
side. 

if)  The  ferminal  jX)rtion  of  the  external  maxillar)'  is  termed  the  angular  artery  (Figs.  540 
to  543,  687, 691,  and  692).  It  runs  upward  in  a  tortuous  manner  behind  the  ala  of  the  nose  and 
along  the  lateral  surface  of  the  dorsum  to  tlw  medial  angle  of  the  eye,  where  it  anastomoses  widi 
the  dorsal  nasal  artery  from  the  ophthalmic.  Like  the  entire  facial  portion  of  the  ejctenouil  max- 
illary artery,  it  gives  off  in  its  course  numerous  small  branches  to  the  adjacent  musculature  and 
forms  anastomoses  with  neighboring  arteries.  It  does  not  always  extend  as  far  as  the  medial 
angle  of  the  eye. 

J.  The  steraocleidomastoid  artery  (Figs.  540  and  700)  is  a  small  and  fairly  constant 
branch  for  the  muscle  of  the  same  name.  It  arises  from  the  postoior  surface  of  the  external 
carotid  at  about  the  kvel  of  the  origin  of  the  external  maxillary.  It  loops  about  the  hypoglossal 
nene  and  passes  downward  and  for^vani  ihrou^  the  carotid  fossa  to  the  anterior  margin  and 
internal  surface  of  the  stemocleidomasloidcus. 

6.  The  occipital  artei;v  (Figs.  539  lo  543,  551,  696  to  700,  and  714)  is  a  large  vessel  which 
arises  from  the  postmof  surface  of  the  external  carotid  m  the  retromandibular  fossa,  above 
the  origins  of  the  two  preceding  vessels.  It  passes  backward  and  upward  between  the  posterior 
belly  of  the  digastricus  and  the  ?1y!ohyr)idi-vi';,  toward  the  «;pace  Iwtween  the  transverse  firoress 
of  the  atlas  and  the  mastoid  process  of  the  temjjoral  bone,  in  which  situation  it  is  coverc-d  by 
the  anterior  margin  of  the  stemocleidoroastoidcus.  It  then  turns  sharply  backward,  ruas  in 
the  occipital  groove  behind  the  mastoid  process,  covered  by  the  longfesimus  and  splenius  capitis, 
becomes  markedly  tortuous  as  it  passes  upward  between  the  semispinalis  and  trapezius,  pierces 
the  insertion  of  the  latter  musi  It  near  it^  oTitcr  marijin,  and  runs  superficially  through  the  scalp 
in  the  (xxij>i«al  region  as  far  as  ihe  vertex.  In  addition  lo  muscular  twigs  for  the  stemocleido- 
niastoidcus  it  gives  off  the  following  branches: 

(a)  A  monoid  {mmingeal)  branch  (Figs.  679,  696,  and  714),  which  passes  through  the 
mastoid  foramen  to  the  <lura  mater  of  the  posterior  cerebral  fo -a. 

ih)  Muscular  branches  (Figs.  551  and  606)  to  the  mus«  K  s  of  the  m  ek.  0\^v  of  the  largest 
ol  thi-^e,  the  ilrsrendift^  branrh,  passes  downward  between  the  splcniu-  and  semispinalis  capitis 
or  between  the  latter  muscle  and  the  short  muscles  of  the  neck,  to  anastomose  with  the  vertebral 
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and  deep  cervical  arteries.  These  branches  arc  cn  off  from  the  artery  as  it  lies  in  the  occipital 
groove;  the  remaining  branches  arc  j^ivcn  off  by  the  supcrfu  ial  iLrminal  j)ortion  of  the  vt'>>el. 

(c^^  The  auricular  bram  It  (Kit;,  (u)-)  ])a«?scs  anteriorly  toward  tin-  j>ostcrior  surface  of  the 
auricle  and  anaslumoses  with  the  occipital  branch  of  the  posterior  auricular  artery. 

(d)  The  oed^kd  brimekes  (Figs.  540  to  $42,  591,  696,  and  714),  the  acttul  termmalsi  are 
vessels  of  ( onsidcrablc  size  which  ramify  between  the  scalp  and  the  galea  aponewotica  as  they 
pass  llirough  tlie  occipital  region  to  the  vertex,  where  they  enter  into  numrrou?;  anastomoses 
with  the  ramit'ieation*;  of  the  parietal  branch  of  the  supcrfkial  temporal  artery.  In  this  situation 
a  small  parietal  {meningeal)  branch,  which  enters  the  skull  through  the  parietal  foramen,  is  fre- 
quently given  off. 

7.  The  posterior  auricuUr  artery  (Figs.  540,  543,  and  687)  is  also  given  off  in  t!ie  retro- 
mandilnilar  f^sVa, framed iately  above  the  occipital,  and  is  a  vessel  of  but  nKxierate  size.  From 
its  orii^in  beneath  the  stylohyoidcus  it  runs  backward  and  upward  in  the  croovc  between  the 
auricle  and  the  mastoid  process  and  there  it  divides  into  its  terminal  branches.  With  the  excep- 
tion of  these  tenninals  it  gives  off  only  one  important  branch. 

((j)  The  stylomastoid  artery  (Fig.  543)  accompanies  the  facial  nerve  through  the  facial 
canal  and  makes  its  exit  through  the  hiatus  of  the  facial  canal  to  ana.^tomosc  with  the  superficial 
[H'lrosal  bram  h  of  the  middle  mcninc;eal  artcn,-  (sw  pa<^e  28).  In  its  course  through  the  fai  ial 
canal  it  gives  oil  tlic  following  branches:  the  posterior  tympanic  eatery,  passing  through  the  canal- 
iculua  chorda;  tympani  to  the  tympanum;  mastoid  branches  to  the  maatoiid  cells;  and  the  stapedial 
artery  to  the  stapedius,  the  obturator  membrane  of  the  stapes,  and  to  the  stapes  itself. 

The  two  terminal  branches  arise  by  the  bifiircatioo  of  the  posterior  auricular  behind  the 
ear  and  are: 

(6)  The  auricular  branch  (Figs.  697  to  700)  to  the  inner  surface  of  the  auricle,  also  giving 
off  perforating'branches  to  the  outer  suxhtx. 

(c)  The  occipital  branch,  which  passes  toward  the  occiput  and  anastom(M>cs  with  the  auricular 
>}ran<  h  of  the  occipital  and  with  the  neighboring  twigs  of  the  parietal  branch  of  the  superficial 

temporal  artery. 

8.  The  super 6c lai  temporal  ar^ry  ^Figs.  540  to  543,  591,  592,  687,  691,  and  692}  is  one 
of  the  two  terminal  branches  of  the  nctnnal  carotid.  It  arises  near  the  neck  of  the  mandible, 
in  front  of  the  external  auditory  meatus,  by  the  bifurcation  of  the  trunk  of  the  external  carotid. 
It  continues  in  the  upward  course  of  the  e.xtcmal  carotid  and  is  at  first  rather  deeply  j'lai  ed, 
being  coven-f!  by  the  sul)stance  of  the  parotid  gland,  but  becomes  sujierlirial  ju-t  in  fron;  iif 
the  tragus  and  divides  immediately  above  the  zygoma  into  the  parietal  and  frontal  branches. 
Its  branches  are: 

(a)  Parotid  branches  from  the  commencement  of  the  vessel  to  the  parotid  (^and. 

(/;)  Anterior  auricular  branches  (Figs.  69T  and  692),  several  small  twigs  to  the  external 
auditor\'  meatus  and  to  the  outer  surface  «if  the  auricle. 

(c)  The  transverse  jofiai  artery  (Figs,  540  to  543,  691,  and  692)  runs  parallel  with  the  parotid 
duct,  between  this  structure  and  the  zygoma.  It  passes  over  the  external  surface  of  the  masseter 
and  ramifies  in  the  nei^boring  musd«  and  the  skin  of  the  cheek,  anastomosing  freely  with 
other  facial  arteries  (the  external  maxOlaiy,  the  buccinator,  the  infra-orbital). 
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Fig.  541  and  542.  Superficial  nerves  and  vessels  of  the  head.  The  facial  branches  arc  black,  the  cervical 
icrrcs  white,  the  first  branch  of  trigeminus  yellow,  the  second  branch  blue  and  the  third  branch  green.  The 
luricular  branch  of  the  vagus  is  streaked  with  blue.  A  portion  uf  the  platysma  has  been  removed.  The  quadratus 
abii  supcrioris  is  cut  away. 
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(d)  The  tygomiUka-orbiUd  artery  (Figs.  541,  543,  591,  691,  and  693)  arises  near  the  bifuita- 

tkn  of  the  superficial  temporal,  frequently  from  the  frontal  branch,  and  runs  above  the  zj'goma 
to  the  region  of  the  b.fcral  angk'  of  the  orbit,  where  it  ramifies  in  the  ncighbocklg  mUSClcs  and 
integument  and  anastomoses  with  slender  branches  of  the  hichrA'mal  arten,-. 

(e)  The  midJie  temporal  artery  (Figs.  540,  543,  592,  and  687)  aL>o  arises  just  before  llie 
bifurcation  of  the  peient  tnink)  laeices  the  temporal  fascia  immediately  above  the  zygMaaatic 
axdi,  penetrates  the  temporal  muscle,  runs  upward  in  a  groove  upon  the  squamous  portion  of 
the  temporal  bone,  sup]>lying  the  tempocal  muscfei  and  anastomoses  irith  the  deep  temporal 

arteries  from  the  internal  maxillan,-. 

(/)  The  jronial  branch  (Figs.  540  to  542,  691,  and  692),  the  anterior  terminal  of  the  super- 
ficial temporal,  pursues  a  markedly  toituous  course  immediatdy  beneath  the  skin,  pass&ig  forward 
and  upward  to  the  frontal  region,  where  it  anastomoses  with  the  ramifications  of  the  Aontal  branch 

of  the  ophthalmic  artcn,'. 

^)  The  parii  tal  bram  h  (Fif^s.  540  to  542,  691,  and  6g2~),  the  posterior  terminal  of  the  super- 
ticial  temporal,  is  likewise  tortuous  and  superficially  placed;  it  passes  almost  vertically  upward 
and  anastomoees  freely  upon  the  parietal  bone  with  the  neii^boning  arteries  (the  frontal  branch, 
the  occipital  arteiy,  the  occipital  branch  of  the  posterior  auricular  artery). 

9.  The  internal  maxjllaxy  artery  (Figs.  540,  543,  592,  and  687I  is  the  second  and  larj^cr 
terminal  branch  of  the  external  carotid.  It  is  givi'n  otT  at  almost  a  right  anf^le  with  the  trunk 
of  this  vessel  and  passes  to  the  deeper  portions  of  the  face,  where  it  pursues  a  most  complicated 
course,  its  brandies  conesponding  essentially  with  the  twi{^  of  the  second  and  third  diviaons 
of  the  trigeminal  ncr\  e.  Immediatdy  after  its  origin  bdiind  the  neck  t&  the  mandible  it  passes 
acro^^s  the  inner  surface  of  this  bone,  runs  forward  in  a  tortuous  manner  hct^'cen  the  muscles 
of  maslit  ation  (cither  between  the  temporalis  and  pterygoideus  extemus  or  between  the  two  \Avy\- 
goiilci ),  and  after  traversing  the  temporal  fossa  enters  the  pterygopalatine  fossa.  .The  numerous 
branches  of  the  vessd,  some  of  which  are  of  great  importance,  may  be  subdivided  mto  the  foUowbg 
groups  according  to  the  region  in  which  thqr  arise:  (i)  Branches  arising  at  the  neck  of  the  man- 
diljlc — the  deep  auricular,  the  anterior  tympanic,  and  the  inferior  alveolar.  (2)  Branches  given 
on  by  the  vessel  in  its  passage  between  the  muscles  of  must ical ion — ihc  middle  meningeal,  the 
massettric,  the  deep  temporal,  the  buccinator,  and  the  pterygoid.  (3)  Shortly  before  entering 
the  pterygopalatine  fossa  the  vessel  gives  off  the  superior  posterior  alvedar  and  the  infra-orbitd 
arteries  and  breaks  up  into  its  tmninal  ramifications  in  the  pterygopalatine  fossa  itself. 

(a^  The  <7<(7>  auricular  arirry  (Figs.  54-^  and  i.>  a  small  twig  for  the  external  auditoiy 
meatus  and  the  outer  surface  of  tlu'  nu  tnbrana  tympani. 

{b)  The  anterior  tympanic  artery  (Figs.  !;43  and  687)  arises  close  to  the  preceding  or  with 
it  by  a  common  trunk  and  passtt  throuf^  the  p<^^trot>-mpanic  fissure  to  the  tympanic  cavity.  It 
is  the  largest  of  the  four  small  tympanic  arteries  (see  under  "Organs  of  Special  Sense")  and 
supplies  particularly  the  anterior  portion  of  the  middle  ear. 

If)  The  irtfrrinr  alveolar  {dental)  artery  (Figs.  540,  543,  and  5(>2j  i>  con^iflcrably  larger 
than  the  two  preceding  vessels  and  passes  downward  between  the  ramus  of  the  mandible  and 
the  sphenommdibular  ligament  to  the  mandibular  foramen.  Before  reachmg  this  orifice  it 
gives  off  a  slender  mjfiokyoid  branckf  which  accompanies  the  nerve  of  the  same  name  to  the  mylo- 
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Fic.  543. — Tltc  ncn  c-;  and  vc-m  Is  of  the  face.    (Fifth  layer,  the  internal  maxillary  artery.  i 
'Die  xyg»>malic  urch  and  ihc  nvck  and  turnr.oid  process  of  the  mandiWc  together  u-ith  the  insertion  of  the  1etii(i<iriiiis 
have  been  completely  removed  and  the  tcmjjoralU  di\ndt-d  along  the  tem|)oral  artery.    The  pinna  of  the  external  car 
has  been  cut  awmy  mod  tbe  mandibular  canal  opened  up  througbout  iu  entire  length.  **    Deep  auricular  and  anterior 
tympanic  arterica.  *   1>Bq>  auricular  bcandica  of  atvkulotemporal  uerve. 


hyoifl  mu^rfe.    Within  the  mandibular  canal  the  artcrj'  branches  to  the  individual  denial 

alveoli  and  roots  of  the  teeth,  and  al.so  gives  off  a  terminal  branch,  the  mental  artery,  which  pai<scs 
through  the  mental  foramen  to  supply  the  muscles  and  intt^ment  of  the  chin  and  to  anastomose 
with  the  submental  and  inferior  labial  arteries. 

(d)  The  midJle  meningeal  arkry  (Figs.  543,  679,  68a,  and  687)  is  the  fakig^  branch  of  the 
parrnt  trunk;  it  arises  obh'quely  opj-^ositc  to  the  preccdinij  vessels  and  passes  tijnvard  tt|)on  the 
internal  surface  of  the  plerygoideus  intemus  to  the  foramen  spinosum,  giving  otT  in  its  course 
slender  twigs  to  the  neighboring  muscles  (the  pterygoideus  extemus  and  the  palatal  muscles). 
Before  entering  the  fbramen  spinosum  it  gives  off  a  small  accessory  mmingeai  iranch,  which  passes 
through  the  foramen  ovale  to  the  semilunar  ganglion  of  ilie  trigeminal  nerve.  In  the  cranial 
cavity  the  arfen-  p;ives  off  small  twigs  to  the  j>e1roits  portion  of  tin*  temporal  bone.  The  superfi- 
cial petrosal  branch  (Fig.  679)  passes  with  the  nerve  of  the  same  name  to  the  hiatus  of  the  facial 
canal  and  anastomoses  with  the  stylomastoid  branch  of  the  posterior  auricular  artery;  it  supplies 
the  tensor  tympani  and  gives  off  the  superior  tympanic  artery  (Vig.  679)  to  the  tympanum,  al- 
though  this  vessel  may  arise  uidependently  from  the  middle  meningeal  itself.  This  superior 
tympanic  artery  runs  in  the  groove  for  the  lesser  sujH'rficial  petrosal  nerve,  reruhes  the  j)romontory 
in  the  tympanum  together  with  this  nerve  by  passing  through  the  aperture  ot  the  superior  tympanic 
canaliculus,  and  is  distributed  particularly  to  the  epitympanic  recess. 

The  trunk  of  the  middle  meningeal  artery  now  immediately  divides  into  a  hirger  atUerior 
and  a  somewhat  smaller  posterior  branch.  The  ramifications  of  these  vessels  are  situated  in  the 
dura  mater,  rlo^c  to  the  bone  in  the  sulc  i  arteriosi  (occasionally  even  within  iln  bone  in  some 
portion  oi  iheir  course),  and  reach  the  cranial  vault  by  passing  upwani  Ujion  ihc  inlcrnal  surface 
of  the  lateral  wall  of  the  cranium.  The  anterior  branch  passes  over  the  greater  wing  of  the 
sphenoid  and  the  anterior  portion  of  the  parietal  bone  and  e.ttends  aa  far  as  the  frontal  bone; 
the  posterior  branch  runs  across  the  squamous  jwrtion  of  the  temporal  bone  to  the  occipital  bone. 

(f)  The  vtasselerir  artery  (Figs.  591  and  592)  is  a  rather  '-mall  ^•cs-^l  whirh,  together  with 
the  ner\e  of  the  same  narne,  runs  through  the  mandibular  noieit  to  the  inienial  surface  of  the 
masseter.  It  is  not  the  only  vessel  for  this  muscle,  its  external  surface  being  supplied  b)-  brandies 
of  the  transverse  facial  artery.  Instead  of  arising  independently  from  the  internal  maxUhir>' 
the  masseteric  artery  frequently  comes  from  the  following  \  essel. 

(/)  The  poslirior  Jeep  temporal  artery  (Figs.  543  and  687)  passes  upwani  10  the  temporal 
muscle,  which  it  ^npnlies  in  a<-f>rintion  with  the  following  vi'-nel  and  the  middle  temjioral.  It 
runs  posterior  and  approximately  parallel  to  the  sphenostjuanioua  sultire,  and  is  siluate<l  in 
the  muscle  itself  and  not  upon  the  bone. 

ig)  The  anterior  deep  temporal  artery  (Figs.  543  and  687)  runs  in  front  of  and  parallel  to 
the  preceding  vcsijcl  and  is  in.  direct  contact  with  the  temporal  surface  of  the  greater  wing  of 
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the  sphenoid  hone.  It  also  sitppUes  the  temporal^  and  usualljp  gives  off  &  small  bfandi  thioi^ 

the  zygomaticotemporal  foramen  in  the  zygomatic  (malar)  bone,  which,  together  with  the  zygo- 
maticofacial nen'c,  passes  to  the  integtimcnt  of  the  cheek  and  throuf^h  the  7,ypomatico-orbital 
foramen  to  the  orbit,  where  it  may  take  part  in  supplying  the  lachrymal  gland  by  anastomosing 
witli  the  laduymal  artety. 

(k)  The  pterygoid  hrwndtes  (Fig.  543)  are  a  nuniber  of  variable  twigs  for  the  muscles  of 
the  same  name.  They  may  originate  either  directly  from  the  hitemal  maxillaiy  or  from  one 
of  it-.  Ijranches  ("the  buccinator  or  the  deep  temporals). 

(t)  The  buccinalor  artrry  (Figs.  540,  k,^^^  691,  and  692)  usually  arises  between  the  two 
deep  temporal  arteries,  but  ftmn  the  o|,|>o>ite  side  of  the  tnmk,  smce  it  passes  downward. 
Together  with  the  nerve  of  the  same  name  it  runs  between  the  masseter  and  the  buoctnator, 
curves  anteriorly,  ramifies  in  the  buccinator  muscle  which  it  pierces,  and  is  also  distributed  to  the 
mtirous  membrane  of  the  check  and  the  neicrhboring  facial  muscles.  If  anastomoses  freely 
with  ihf  braiuht;>  of  the  external  maxillar)',  transverse  facial,  and  other  arteries. 

(/)  The  poslerior  su^erw  tffawotor  (ttoilaQ  wrUry  (Fig.  543)  arises  fiom  the  inteinal  max- 
illaiy,  as  this  vessd  rapidly  diminishes  in  caliber  befoxe  entering  the  pterygopalatine  fossa,  and 
divides  hito  several  branches  which  enter  the  alveolar  foramina  of  the  maxillary  tuberosity,  run 
through  bony  canals  to  tlic  root^  of  the  Tipper  molar  and  premolar  teeth,  and  also  supply  the 
neighboring  gum  and  the  mucous  nu  mbrane  of  the  maxillary  sinus. 

{Jt)  The  injra-ofUkd  artery  (Figs.  540,  543,  591,  592,  691,  and  692)  is  a  vesad  of  fair  size 
which  runs  through  the  tnlra-orbital  canal  of  (he  superior  majdlla  (see  VoL  I,  page  66).  The 
artery  enters  the  OilMt  through  the  inferior  orbital  fissure,  runs  along  the  orbital  floor  in  the  infra- 
orbital siilni'i,  passes  through  the  infra-orln'tal  canal,  and  reaclu^  the  rleepcr  portions  of  the 
face  through  the  infra-orbital  foramen.  In  the  orbii  it  gives  oil  branches  to  the  inferior  oblique 
and  rectus  muades  and  to  the  orlntal  contents  in  general;  in  the  mfra-orfaital  canal  it  gives  origm 
to  the  anterior  superior  (denial)  arteries,  which  run,  together  with  the  nerves  of  the  same 

name,  in  the  wall  of  the  maxillary  sinus  to  the  upfx-T  canine  and  incisor  teeth.  The  terminal 
ramification  of  the  artery  take>  jilace  in  front  of  the  infr.i-orbital  foramen  in  the  overiyinu;  and 
adjacent  niu.sclcs,  where  it  anastomoses  with  the  neighboring  arteries  (the  superior  alveolar, 
the  angular,  and  others). 

The  two  terminal  branches  of  the  intenud  nuudUary  artery  arUing  in  the  pteiygopalatme 
fossa  are: 

(!)  The  descending  pal  a  I  hit  artery  (Fip.  685)  which  gives  off  the  small  (Vidian)  artery  0} 
the  pterygoid  canal,  passing  through  the  pter^'goid  canal  with  the  ner\-e  of  the  same  name  to 
reach  the  upper  portion  of  the  pharynx.  As  it  passes  downward  through  the  pterygopalatine 
canal  the  descending  polatme  arteiy  subdivides  into  two  brandies  OHTesponding  to  the  bifurca- 
tion oC  the  canal.  The  larger  anterior  one  is  the  greater  pdatine  artery,  which  passes  to  the 
mucous  mcmljrane  of  the  hard  palate  and  to  the  gum  and  anastomoses  with  branches  of  the 
nasal  arteries  through  the  incisive  canal.  The  smaller  posterior  ones  are  the  lesser  palatine 
arteries,  which  pass  through  the  posterior  palatine  foramina  to  the  soft  palate,  the  palatine  arch, 
and  the  palatme  tonsil,  and  anastomose  with  the  branches  of  the  ascending  pliaryngeal  and 
particularly  with  the  ascending  palatine  arteiy. 
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Fic.  544. — The  nerves  and  arteries  of  the  nasal  septum  and  of  the  tonigue. 
*  •  OMded  porta  lor  pharyngeal  wait  **  —  Sphenoidal  mm. 

Fig.  545. — The  nen'es  and  urteriis  of  tlie  outer  nasal  wall  and  of  the  palate. 
The  tongue  has  been  drawn  out,  all  of  the  nasal  scpium  except  ita  lower  portion  rentoved,  and  tJie  niKOua  nem- 
bnne  of  tlie  faudal  latlunu*  divided  aJon^tiM  gtoaophaiTnfMl  nem  and  die  aaceadliig  palatfne  uitiery.      -  Spiw- 

nutdal  sinus^     *     Divided  tirant  hcs  I0  na>wi1  $('|>tuai.    ***     Aw««itinrf«  WMwjMhttiiy         aTWtfiw  paJltfatC 

nerves.    *  I-  ^  Mucous  membrane  uf  hard  palale. 

Fig.  546. — ^The  nerves  and  arteries  of  the  orbit.   (Third  layer.). 
Dissection  as  in  Fig.  683.   Tl>e  rectus  superior,  obliqma  anperior,  and  levator  palpefane  superioris  have  been  1 
divided  and  the  rectus  lateralis  drawn  slightly  to  one  side-   •    Brandi  of  oculomotor  nerve  to  rectus  medialis. 
Fig.  547. — The  nerves  and  arteries  of  the  orbit.    (Fourth  layer.) 
Dissection  aa  in  Fig.  546.  The  lectui  latenlii,  the  optic  nerve,  and  the  aolcrior  portioa  of  the  ophtlialmic  artery 
have  been  divided,  and  the  evebaO  with  the  atump  of  Ac  opUe  nerve  roiled  forward  to  dww  the  ninilicalKn  of  die  lower 
branch  of  the  orulomnuir  nerve.    'The  ranala  for  the  anterior  and  posterior  ethmoidal  arteries  md  vans  have  alio  beer 
opened.    **    Branch  of  oculomotor  nerve  to  rectus  inferior;  ***  —  to  obliquus  inferior. 


(m)  Thv  sphenopalaiinr  artery  (Fig!5.  544,  545,  and  685),  the  second  of  the  terminal  branches 
of  the  internal  maxillary,  is  the  largest  artery  of  the  na.sal  cavity.  It  passes  throut^h  the  spheno- 
palatine foramen  to  the  nasal  cavity,  where  it  ramifies  upon  the  jxjsterior  portions  of  the  outer 
nasal  wall  and  of  the  nasal  septiun.  Its  branches  are  termed  the  posterior  external  nasal  arteries 
and  the  poHerier  artery  0/  Ae  nastd  seftim.  The  latter  vcssd  accompanies  the  nasopalatine 
nerve  through  the  incisive  canal  to  meet  the  anterior  palatine  artery.  Slender  twigs  arc  ffvcn 
off  to  the  frontal  and  maxillary-  sinuses  and  a  branch  passes  through  the  phaiyngeftl  canal  (see 
Vol.  I,  page  49)  to  the  pharynx. 

THB  OrrBRNAL  CABOriD  AB^ISRY. 

The  inlemd  earotui  artery  (Figs.  S43»  54^  to  549,  687,  and  693)  continues  upward  approxi-  » 

match'  in  the  same  direction  ;i>  the  common  carotid.  Tt  is  situated  dcefily  in  the  retromandibulS'' 
.  fossa  near  the  lateral  wall  of  the  phar>Tix,  internal  and  posterior  to  the  external  carotid  artery 
from  which  it  is  separated  by  the  styloglossus  and  stylopharjTigeus.  The  artcrj'  is  accompanied 
by  the  hitemal  jugular  y&o,  whkh  is  placed  to  its  outer  side  and  somewhat  posterior,  and  in  it* 
munediate  neighborhootl  are  the  sympathetic  trunk  with  its  superior  cervical  ganglion,  the 
vagus  nen'c  with  it^  nodular  s^anglion  (posterior  or  fwstero  cxlcrn.iri,  the  glossopharyngeal, 
nerve  (anicriorj,  and  the  liypoglossal  nerve  (external).  The  course  ol  the  artery  is  fairly  straight 
and  it  gives  off  no  branches  vmtil  it  reaches  the  base  of  the  skull.  Shortly  before  entering  the 
carotid  canal  it  malces  an  S-shaped  curve,  then  runs  through  the  canal  surrounded  by  a  ^rm- 
pathcti<  and  a  venous  plexus,  leaves  the  canal  through  the  internal  carotid  foramen,  and  passes 
upward  and  forward  between  the  two  layers  of  the  dura  mater  in  the  carotid  sulcus  of  the  sphenoid 
bone  and  enclosed  within  the  cavernous  sinus  (sec  page  80)  until  it  reaches  the  anterior  t  iinoid 
process.  In  this  situation  the  artery  cur\'cs  upward  and  slightly  backward,  the  convexity  of 
the  curve  being  anteriorj  to  pierce  the  dura  nif  ter  and  reach  brain. 

The  artery  is  peculiar  in  that  during  its  couise  through  the  petrous  portion  of  the  tem[X)raI 
-bone  it  gives  otT  only  a  very  small  twig  to  the  tympanum,  and  durin.i:,'  its  course  bcneatli  the  durr. 
mater  it  likewise  gives  off  only  insignificant  branches  to  the  surrounding  structures  (to  the  semi- 
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lunar  ganglion  of  the  trigeminal  nerve,  lo  the  hypophysis,  etc.).   The  first  branch  of  consider- 
able size  is  the  ophthalmic  artery;  all  other  branches  go  to  the  braia. 
The  branches  of  the  hitemal  carotid  aiteiy  are: 

1.  The  caroikotympank  branch,  which  arises  from  the  vessel  as  it  passes  through  the  petrous 
portion  of  the  tcmjxiral  bone,  and  runs  through  the  caroticotymjjanii  t  anal  to  the  tympannm. 

2.  The  opiuhaimk  artery  (Figs.  546,  547,  682,  and  683)  arists  from  the  convexity  of  the 
last  curve  in  the  course  of  the  internal  carotid,  at  the  inner  side  of  the  anterior  clinoid  process, 
and  passes  toigether  with  the  optic  nerve  throu|^  the  opticJomoMn  into  the  orbit.  The  artoy 
is  at  first  internal  to  the  optic  nerve,  at  the  optic  foramen  it  is  inferior,  and  uixm  leavlog  the 
foramen  it  is  external.  It  next  crosses  over  the  ncr\c  oi)li(^^lely  toward  the  inner  wall  of  the 
orbit,  where  if  purstics  a  tortuous  course  along  the  superior  oblique  muscle  as  far  as  the  trochlea, 
beneath  which  it  divide:^  into  its  terminals.    Its  branches  are: 

(a)  The  lacluymal  arlery  (Figs.  546  and  547),  which  arises  beneath  the  levator  palpebrte 
superioris  and  Uie  rectus  superior,  and  runs  foryard  to  the  lachrymal  eland  between  these  mus- 
cles and  the  rectus  lateralis,  near  the  outer  wall  of  the  orbit.  It  gives  ofT  small  twigs  lo  the  atijacent 
muscles  and  supplies  the  lachr\Tnal  gland  and  the  external  portion  of  the  conjunctiva.  Ith  ter- 
minal branches  are  the  lateral  palpebral  arierks  for  the  outer  halves  of  both  lids,  it  anastomoses 
with  the  branches  of  the  anterior  deep  temporal  artery  which  enter  the  orbit,  and  with  the  zygo- 
matico-orbital  arter>'  (see  page  27). 

(7))  The  tniisculiir  hraiicJus  (Figs'.  546,  547,  6S3,  683,  and  743)  sujjply  the  numerous  mus- 
cles of  the  orbit,  some  of  them  occasionally  arising'  from  l)ranchcs  of  the  artery  instead  of  from 
the  vessel  itself.    They  give  oil  the  anlerior  ciiiary  ar'crics  to  the  eyeball.* 

(<)  Tbejioskru^j^myiarterks  (Figs.  547, 682, 731,  743,  and  744)  are  subdivided,  according 
to  their  course  in  the  eyeball,  into  the  lon^  and  short  fiasierior  cUiary  arterks,  the  long  being  two 
in  number  and  the  short  four  or  five  small  twigs.  They  arise  from  tin  oplithalmic  i;>elf  or  from 
one  of  its  larger  branches,  and  pierce  the  sclerotic  in  the  posterior  jxjrtion  of  the  eyeliall.  (For 
further  details  see  under  "  Organs  of  Special  Sense.")  Their  origins,  like  those  of  the  following 
vessds,  are  situated  in  the  most  posterior  portion  of  the  orbital  cavity,  where  the  ophthahnic 
artery  passes  transversely  above  the  opCic  nerve. 

(«f)  The  central  arlery  of  the  retina  (Figs.  742  and  745)  arises  together  with  the  prcrcdtng 
vessel?  and  {xnetrates  the  optic  nerve  about  i  cm.  behind  the  eyeball,  by  piercing  the  outer  and 
lower  portion  of  the  sheath  of  the  nerve.  It  runs  in  the  axis  of  the  nerve  to  the  retina.  (For 
further  details  see  under  "Organs  of  Special  Sense.") 

(e)  The  anienor  ciliary  arteries  (Figs.  731,  743,  and  744)  are  veiy  slender  twl^,  semi 
^  to  eight  in  number,  which  usually  originate  from  the  muscular  branches  and  pass  to  the  eyeball 
with  tHe  tendons  of  the  straight .ocular  muscles.  (For  further  details  see  section  c»i  "Organs 
of  Special  Sense.") 

(/)  Tlie  supra-wbilalartery  (Figs.  546,  682,  and  683)  pursues  a  rather  t«Htuous  course  and, 
in  company  widi  the  nerve  of  the  same  name,  passes  between  the  peri-orbita  and  the  levator 
pelpcbne  superior^  to  the  snpwKrbital  foramen^  giving  off  smaU  branches  to  the  surround^ 

•  The  conjunrtival  .ind  rpiadenl  ■rtaria  m  alio  deriwd  ham  the  anHcuhr  bnacbei.  (For  dcttilt  lee  iiiider 
•«OrgMi»  of  Special  Scnac  ") 
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Fio.  54S. — ^The  arteries  of  the  base  of  the  brain. 

Upon  the  r^jiht  aide,  the  tip  of  the  temporal  lobe,  the  oerebelUr  hemiaphere,  and  tlie  optic  nerve  have  htta  mnovied. 
Fig.  549. — The  arteries  of  the  mesial  surface  of  the  cerebrum  and  of  the  surface  of  the  cerebellum. 
Tbo  left  cerebral  hemitpbete  has  been  removed  by  a  median  acctioD  of  tbc  corpus  caUas«ua  and  by  an  oblique 
■ec^n  of  the  oevebral  pedunde. 


tissues  and  to  the  musciilature  and  integument  of  the  forehead.  It  anastomoses  with  the  frontal 
and  xygomaticomTbital  arteiics  and  with  the  frontal  branch  of  the  superficial  temporat  arteiy. 

is)  Thi  p<i  si  trior  ethmoidal  ivtery  (Figs.  546  and  547),  an  insignificant  vessel,  passes  through 
the  Toranu  n  of  the  same  name  and  ramihes  in  the  ethmoid  cells  and  partly  also  in  the  contiguous 
portion  of  the  nasal  cavity. 

(/i)  The  anterior  cilwioidal  artery  (Figs.  546  and  547),  a  larger  vessel  than  the  preceding, 
enters  the  cranial  cavity  through  the  anterior  ethmoidal  foramen,  lies  upon  the  upper  surface 
of  the  cribriform  plate  of  the  ethmoid  bone,  where  it  gives  ofiF  the  anterior  nu  uin^^nil  tirtery  to  the 
dura  mater  of  the  antLTior  cerebral  fossa,  and  pas?cs  thrmijrh  the  rriliriforni  [Adiv  into  the  n;i-;il 
ca\  i?y,  :lu  anterior  part  of  which  it  supplies  by  dividing  into  tbc  anterior  lateral  nasal  artery  for 
tile  lateral  wall  and  the  anterior  artery  of  the  septum. 

After  giving  off  these  branches  the  trunk*  of  the  ophthalmic  artery  is  miKh  reduced  in  size 
and,  u}X)n  reaching  the  anterior  medial  portion  of  the  orlxt,  divides  into  the  following  three 
.terminals: 

(:')  The  mrdin!  f>al f>i'f>ral  arlery  nr  arirrirs  (Figs.  691  and  6n?)  run  to  the  me<lial  halve?  of 
the  eyelid,  forming  the  suptrior  and  injcrivr  tanal  arches  with  ihe  lateral  palpebral  arteries, 

(j)  The  froiiUai_wtery  (Figs.  541,  542,  546,  691,  and  692)  continues  in  the  direction  of  the 
ophthalmic  stem  and  is  consequently  to  be  reganlt^l  a>  the  actual  terminal  branch.  .Accompanied 
l)V  t!ie  riL-n-e  of  the  same  name  it  nins  lhronc;!i  llie  frontal  ruitch  and  is  reflecfed  over  the  tipper 
margin  of  the  orlMt  to  tiie  musculature  antl  inteu'ununi  of  tlu-  forehead,  wlu-re  it  anatomcxies 
with  the  supra-orbital  artery  and  with  the  frontal  branch  of  the  superficial  temjjoral. 

{k)  The  dond  artery  0}  the  nose  (Pigs.  546,  691,  and  693)  pierces  the  orbicularis  oculi 
above  the  medial  palpebral  ligament  and  ramifies  in  the  skin  and  muscles  in  the  vicmity  of  the 
media!  aiii^'te  of  the  orVtit.  In  this  situation  it  anastomoses  with  the  angular  arteiy,  the  terminal 
branch  of  the  external  maxillary. 

THE  CEREBRAL  BRANCHES  CP  THE  INTERNAL  CAROTID  ARTERY. 

Immediately  after  pierdng  the  dura  mater  at  the  base  of  the  brain  the  internal  canrtid  arteiy 
divides  into  four  branches: 

7,.  The  posterior  communiealing  artery  fFip-.  >  )S  and  KV)\  usually  (luite  small  in  size,* 
runs  past  the  tuber  cinereum  and  the  mammillar)'  bodies  to  the  jwsterior  cerebral  artery,  the 
terminal  branch  of  the  vertebral.  It  gives  off  branches  to  the  neighboring  portkms  of  the  base 
of  the  brain  and  forms  the  ctmnection  between  the  two  i»indpal  cerebral  arteries. 

4.  The  chorioid  artery  (Figs.  548,  636,  and  638)  is  a  small  twig  which  passes  along  the  optic 

*  The  )H»trri<ir  Gonmnnkating  artery  ii  occaaioiially  laige  upoo  one  lide,  c^wdally  if  tbe  mteUiat  ivlerjr  ot  the 
same  side  be  small. 
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tract  to  the  lateral  surface  of  the  cms  cerebri,  in  which  situation  it  enters  the  inferior  horn  of 
the  lateral  ventride  to  supply  the  diorioid  plexus. 

5.  The  aiUrrior  cerebral  artery  (Fig^  548  and  549)  is  considerably  largjer  than  the  two  pre- 
ceding vesscU,  but  smaller  than  the  middle  cerebral,  and  is  one  of  the  two  terminals  of  the  internal 
caxx>tld  artery.  The  arteries  of  the  two  sides  are  connected  with  each  otner  at  the  base  of  the 
brain  in  fnmt  of  the  optic  chiasm  and  lamina  tcnninalis  by  the  arUerior  communkaiing  artery^ 
which,  though  of  lair  caliber,  is  but  a  few  millimeters  in  length.  The  hypophyseal  region  of 
the  base  of  the  brain  is  consequently  surroumit  d  by  a  circular  anastoinovls  of  the  four  vessels 
supplx  ing  the  brain,  and  this  anastomi/  ic  ring  is  designated  as  the  arlrriiil ,  irdc  cj  Willts.  The 
carotids  of  liie  two  sides  arc  connected  with  each  other  by  means  of  the  anterior  eommunicating 
artery,  while  upon  cither  side  the  internal  carotid  is  connected  by  the  posterior  communicating 
branch  with  the  tenninat  branch  of  the  basilar  artery  of  the  same  side  (see  page  36). 

Before  the  anterior  cerebral  arter)'  gives  off  the  anterior  cxnnmunicating  artery  it  sends 
small  twigi^  into  the  foramina  of  the  anterior  perforated  substance.  After  ihe  orij^in  of  the  com- 
municating branch  the  trunk  of  the  \issel  sinks  into  the  longitudinal  cerebral  tlssure,  runs  u[)on 
the  upper  surface  of  the  corpus  callosum  boide  or  above  the  artery  of  the  opposite  side,  and 
ramifia  diiefly  upon  the  medial  surface  of  the  cerebral  hemisphere. 

6.  tbt  middle  cerebral  ariery  (Figs.  548  and  549),  the  second  terminal  of  the  internal  carotid, 
runs  laterally  to  enter  the  lateral  (Sylvian")  fissure,  in  which  situation  it  fjt\cs  olT  it^  Itranchcs. 
The  main  ramtfH  aiions  are  to  the  con\oUition  -  of  the  tcmjwral,  occipital,  and  |»arietal  lobes, 
which  surround  the  lateral  fissure,  and  lo  the  convolutions  of  the  insula.  Shortly  after  its  origin 
the  arteiy  sends  branches  through  the  posterior  perforated  substance  to  the  corpus  striatum. 

THE  SUBCLAVIAN  ARTERY. 

The  subclavian  artrry  (Fips.  538,  539,  550,  551,  699,  and  700}  supplies  the  entire  U])pcr 
extremity  including  the  region  of  the  >ljouIder,  the  greater  portion  of  the  cervical  and  nuchal 
regioDS,  the  upper  and  middle  portions  of  the  thoracic  waO,  some  of  the  cervical  viscen,  the 
posterior  portion  of  the  brain,  and  the  upper  portion  of  the  spinal  cord.  TEiere  is  scarcely  another 
arter>'  in  the  ImkIv  which  has  so  large  an  area  of  <ii,-;ril)nlion. 

Its  oriL^in  diuVrs  u]:>on  the  two  sides,  inasmuc  h  as  the  ri^'ht  artery  come-  from  the  innomi- 
nate, while  the  left  aru>cs  directly  fruni  liic  aortic  arch,  ihe  left  subclavian  arlerj'  is  conse- 
quently longer  than  the  right  and  runs  for  a  short  distance  through  the  thofadc  cavity  behind 
the  left  innominate  vein.  Its  origin  from  the  aortic  arch  is  immcxliately  lateral  to  that  of  the 
left  common  carotid  arten,-,  and  from  this  point  it  runs  Ixhind  the  outer  j>nrti()n  of  tlie  sterno- 
clavicular joint  and  reaches  the  neek  by  passinp:  throui;h  the  superior  liioracic  aperture.  The 
further  relations  antl  course  of  the  vessels  arc  the  same  ujkju  both  sides. 

Tlie  arteiy  is  known  as  the  subclavian  until  it  passes  behind  the  clavicle  and  the  subclavius 
muscle,  when  it  is  called  the  axillary  artery;  u{>on  leaving  the  axilla  and  passing  to  the  upper 
arm  the  ve^^ei  ntiain  changes  its  name  and  i-^  desi^^ated  as  the  brachial  artery.  It  dot"s  not 
divide  into  its  terminal  brant  he^  until  il  reaches  tlie  bend  of  the  elbow,  and  the  sTibrlavian, 
axillary,  and  brachial  arteries  consequently  form  a  continuous  stem,  the  ililierenliation  uilo 
three  parts  being  purely  regional. 
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After  passing  through  the  superior  tlioracic  aperture  the  sul)davian  artcn-  passes  upward 
and  outward  over  the  pleural  cupola,  resting  in  the  subclavian  groove  of  tlu  lung  (during  dwp 
inspiration).  In  the  neck  it  forms  a  marked  curve,  the  convexity  of  which  is  directed  upward, 
and  pMses  over  the  fint  rib  ia  the  subdavian  groove.  At  the  same  tune  it  passes  through  the 
scalene  interspace  and,  together  with  the  brachial  plexus,  Is  situated  between  die  scalenus  anterior 
and  the  x  :iltnus  mcdius,  the  scalenus  anterior  separating  it  from  the  subclavian  vdn,  which 
is  in  front  and  somewhat  medial.  In  addition  to  the  scalenus  anterior  the  artery  is  also  coverr<l 
by  the  internal  jugular  vein,  the  intermediate  tendon  of  the  omohyoideus,  and  the  stemocleido- 
mastoideus.  To  the  outer  side  of  the  scaknus  anterior  the  subdavian  artery  is  rather  supeifi*  ' 
dally  placed  in  the  supradavicuhir  fossa,  althou^  it  is  not  inuuediately  beneath  the  skin  and 
platysma,  l)ut  i>  c  overotl  also  by  the  superficial  layer  of  the  cer\'ical  fascia,  by  fatty  tissue,  and  by 
K-mphatic  glands,  and  in  this  sitttalion  It  is  also  in  relation  above  with  the  brachial  plexti^,  which 
accompanied  it  in  its  passage  through  the  scalene  interspace.  The  vessel  then  passes  over  the 
first  rib,  lateral  to  the  subclavwn  vein,  medial  to  the  brachial  plexus,  and  bdiind  the  middle  of 
the  davlde,  to  become  the  axiUaiy  artery. 

The  branches  of  the  subclavian  arterj'  show  an  inclination  to  arise  in  groups  from  short 
common  ves^iels,  which  arc  desij^natcd  a?  trunks.  There  arc  usually  two  such  vessels — the 
costocervical  trunk  and  the  larger  Ihyreocervical  trunk.  The  origms  of  the  branches  are,  however, 
very  variable  and  one  artcrv'  frequently  replaces  another  either  wholly  or  in  part.*  Almost  all 
the  branches  anse  from  a  very  drcumscribed  portion  of  the  artery,  since  no  large  vessel  arises 
within  the  thorax  and  the  terminal  portion  of  the  artcrj'  gives  off  only  the  transverse  cervical 
arter)'.  All  the  remaining  bnmches  arise  from  that  jiortion  of  the  subcla\  ian  which  Is  situ- 
ated between  its  exit  from  the  superior  thoracic  aperture  and  its  entrance  into  the  scalene 
interspace. 

The  branches  of  the  subdavian  artery  are: 

I.  The  vertebral  artery  (Figs.  539,  548  to  551,  and  696),  a  large  and  important  vessd 
\vlii(  li,  like  the  internal  carotid,  jkisscs  to  the  brain  and  sujtplies  its  posterior  portion.  It  arises 
trom  the  up]>er  surface  of  the  conunencement  of  the  subclavian  arch,t  and  passes  almost  ver- 
tically upward  to  the  foramen  transvcrsarium  of  the  sixth  cervical  vertebra,  being  situated  in 
front  of  the  outer  margin  of  the  longus  colli,  at  first  behind  the  common  carotid  and  subsequently 
behind  the  inferior  th\Tcoid  arter}-.  It  then  continues  its  vertical  course  upward  by  i>assing 
throui^!!  tin-  foramina  transversaria  of  the  fifth  to  the  second  cer\ii  al  \crtcbrrc,  lying  in  front 
of  the  emerging  spinal  ner\'es.  It  then  passes  m  a  curve  to  the  foramen  transvcrsarium  of  the 
atlas,:]:  through  which  it  passes,  and  then  runs  almost  horizontally  in  the  vertebral  groove  upon 
the  posterior  arch  of  the  atlas  to  the  foramen  magnum,  lying  upon  the  posterior  atlanto-occipital 
membrane  in  a  triangle  formed  by  the  obUquus  capitis  superior,  the  obliquus  capitis  mferior,  ( 

*  5scc  footnote  on  page  41. 

f  In  addition  to  (be  cwTiiw'onal  direct  origin  of  the  vertebral  artery  from  the  aotik  arch  (see  page  41  )>  the  following 
anoinaltes  majr  also  occturt  The  Aftoy  «f  one  tide  it  frequently  much  aimller  than  ila  feOow  of  tiw  oppotite  tide;  it  nnf 
occasionally  \xl  double;  it  wnKtinies  puaea  partly  or  almoit  wholly  outaide  of  the  canal  in  the  tnuitwetae  proeeatet  of 
the  cervical  vcrtebne.  ■ 

I  Since  the  transvcne  prooeaa  of  the  athta  extends  much  hegaoA  that  <A  the  «xi^  the  arteiy  mutt  ran  upwaid  aad 
markedly  oulwaidi 
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Flo.  550.— The  branches  of  the  suVN-lavuin  arter)-  and  ihc  course  «>f  the  vertebral  artery  in  the  neck  (srhcmatic). 

and  the  rectus  capitis  posterior  major  muscU-s.  .Xbovc  the  posterior  arch  of  the  atlas  the  artery 
pierces  the  |X)stiTior  allanto-occipitul  membrane  and  enters  the  cranial  cavity  through  the  fora- 
men magnum. 

In  the  cranial  cavity  the  vertebral  arter)'  is  siluate<l  at  first  upon  the  lateral  surface  and 
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Fig.  551. — ^Tbe  nerves  and  arteries  of  the  deep  layers  of  the  oeck  and  of  the  axilla.   (Sixth  layer  of  neck, 
deeper  layer  of  the  axilla,  see  also  Fig.  552.) 

T  lip  pr*'-"''''  iKirtions  of  irii'  infrahyoid  ir.ij';<  lfs  and  i>t  thr  1 1 uiiiiiiui  (;iri>lid  .-irlL-ry  liavc  been  rcmo\-cd;  the  rl.ivicle 
has  Uxa  disarticuUitcd  at  the  sternoclavicular  joint  and  sawn  through  at  about  its  middk.  The  pectoniis  major  and 
minor  have  been  dMAed  and  the  ddtold  Indsed  along  th«  dehok)  branch  of  the  tborooo-acroaiial  arterj.  *— Acctaaory 

sympathetic  pnnplifm. 

Fig.  552. — The  deciKT  layer  of  the  vessels  and  nerves  of  the  axilla.. 

The  pectanlia  major  baa  beea  divided  (aa  has  the  atemocleidoDwaleiden*  in  the  neck)  and  ftikcted  to  cither  aide. 


then  in  front  of  the  medulla  oblongata.  At  the  junction  of  the  medulla  with  the  pons  the  arteries 
of  the  two  sides  unite  at  an  acule  angle  to  form  the  unpaired  basilar  artery. 

The  chief  ramiAcatioia  of  the  vertebral  artery  takes  place  in  the  cranial  cavity.  In  the 
neck  it  gives  tM.  only  a  few  unimportant  branches;  these  are: 

{a)  S^nuA  branches,  whidi  pass  through  the  mterverlebral  fonunma  of  the  cervical  colimm 
to  the  membranes  of  (he  spinal  cord  and  to  the  spinal  cord  itself. 

(h)  Muscular  branches  (Fig.  696),  several  small  vessels  which  pass  to  thi'  nurhal  muscles 
and  anastomose  with  the  occipital,  the  deep  cervical,  and  the  ascending  cer%'ical  arteries. 

(c)  A  mmingtcl  branch  (Fig.  679)  passes  through  the  great  occipital  foramen  to  the  neigh- 
boring portions  of  the  dura  mater. 

In  the  cranial  cavity  the  artcrj'  gives  off: 

(d)  The  posterior  spinal  artvry  (Fig.  54<)"!i,  a  very  >lcn(li  r  t\\  i[c  arisinp;  at  the  k  vel  of  the 
foramen  magnum  and  uniting  uix)n  the  posterior  a.spccl  of  the  spinal  cord  with  its  fellow  of  the 
opposite  side  to  form  an  elongated  network,  which  is  continued  throughout  the  thoracic  and 
Imnbar  portions  of  the  spinal  cord  by  anastomoses  with  the  spinal  branches  of  other  arteries 
(see  bebw). 

(f)  The  nnicrior  spinal  artrry  (Fit^s.  5  ;S  and  5  ((j"!  is  larger  than  the  prcredinp  vrpsel  and, 
after  a  short  course,  joins  wiih  its  fellow  ot  the  op|X>site  side  to  form  a  single  arlery,  which  runs 
downward  in  a  tortuous  manner  in  front  of  the  anterior  median  fissure  of  the  spinal  cord  and 
is  continued  to  the  inferior  extremity  of  the  cord  by  the  spinal  branches  lA.  the  vertebral,  mter- 
costal,  and  lumbar  arteries.  Some  of  its  branches  penetrate  the  spinal  cord  through  the  anterior 
nudian  fi<^sttn ,  while  others  form  transverse  anastomoses  in  the  pia  mater  with  the  branches 
of  the  posterior  spinal  arteries. 

Before  the  vertebral  arteries  unite  to  form  the  basilar,  each  vessel  gives  off  one  ci  the  cere- 
bellar arteries. 

(/)  The  posterior  injeri^tr  ccrrhcUar  ariery  (Figs.  548  and  $.\(})  arisis  at  tlic  lateral  surface 
of  the  nifflulla  o!ilnr'_':ita,  frt'i jtu. n;lv  lu  lew  the  precedin;:  ve'^srl.  and  i>  nuich  larger  than  either 
the  anterior  or  llic  pu>urior  s[jinal  branches.  It  passes  laterally,  backwanl,  and  downward  to 
the  imder  siuface  of  the  posterior  half  of  the  cerebellar  hemisphere  and  to  the  lower  portion  of 
the  vennis  of  the  cerebellum;  it  also  gives  of!  slender  twigs  to  the  medulla  oblongata. 

The  Basilar  Artery*— The  basilar  arterj'  (Figs.  548  and  5.|<))  is  formed  by  the  junction  at 
an  nnite  angle  of  ilu  t^vo  vertebral  arteries,  ai  "he  dividing-line  between  the  mf-dtilla  and  the 
pons.   It  is  a  large  single  vessel  which  nms  over  the  divus,  and  along  the  antero-inferior  surface 
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of  the  pons,  being  situated  exactly  in  the  median  line  and  pn)ducing  the  basilar  pontine  sulcus. 
Upon  readiing  the  anterior  superior  boKda*  of  the  pons  it  breaks  up  into  two  terminals  in  the 

interpeduncular  fossa.   Ail  of  its  branches  are  paired.  They  are: 

1.  The  pontinr  hrntirJus  (Fig.  548),  Fmall  direct  twif^  to  the  pons. 

2.  TJie  anterior  injtrior  arebeiiar  artery  (Figs.  548  and  549)  jiasscs  transversely  across 
the  posterior  portion  of  the  pons,  usually  behind  the  abduceni  ner\'e,  and  between  the  acou.siico- 
fadal  and  vatso-gtosaopharyngeal  tronks,  and  ramifies  upon  the  anterior  superior  portion  of  the 

under  surface  of  the  cerebellar  hemisphere. 

^  Thi'  internal  auditory  artery  fFiV.  54S)  is  a  slender  v  issel  which  runs  parallel  w  ith  the 
preceding  and  accompanies  the  acoustic  ner\  e  through  the  internal  auditor^'  meatus  to  the  internal 
ear.  ll  anastomoses  with  the  stylomastoid  brancli  of  the  posterior  auricular  arterj*.  (For  further 
details  see  ''The  Ear.*') 

4.  The  superior  ccr^dlor  orkry  (Hgs.  548  and  549)  runs  almost  transversely  across  the 
anterior  portion  of  the  pons,  and  then  turns  upward  and  backward  to  ramify  upon  the  upper 
surfac  e  of  the  cerebellar  hcmi?T)here  and  on  the  superior  vermis.  Small  twigs  pass  to  the  corpora 
quadrigcmina,  the  pineal  LkxIv,  and  the  tela  chorioidca  of  the  ihinl  ventricle. 

5.  The  posterior  cerebri  artery  (Figs.  548  and  549),  the  paired  temunal  branch  of  the  basOar, 
is  separated  at  its  origin  from  the  preceding  vessel  by  the  oculomotor  nen-c.  It  first  runs  out- 
ward and  somewhat  forward,  (hen  bends  backward  and  ujjward  around  the  cms  cerebri  until 
it  romc?  to  lie  above  the  tentorium  cerebelli,  and  ramilies  c  hieliy  ujKjn  the  concave  inferior  .sur- 
face of  the  iem|Kjral  and  occipital  loix:s,  its  branches  extending  toward  the  convexity  of  the 
hcmbphere. 

Shortly  after  Its  origin  it  is  joined  by  the  posterior  communicating  artery  from  the  internal 
carotid  («e  page  llu  late  ral  portion  of  the  arterial  circle  of  WilUs  being  thus  completed. 
In  addition  to  the  branche-  10  the  cerebral  hemisphere,  it  gives  off  blender  twtp^  to  the  interpedun- 
cular fossa,  the  mammillary  bodies,  the  cerebral  peduncle,  the  posterior  extremity  of  the  thalamus, 
dke  superior  cidliculi,  the  splenium  of  the  ottpus  callosum,  the  inferiw  horn  <rf  the  lateral  ven> 
tride,  and  the  choriotd  plexus  of  this  and  ctf  the  third  ventricle. 

2.  The  internal  mammary  artery  (Figs.  539,  550,  and  553)  arises  from  the  siil)(.la\  Ian 
almost  exactly  opposite  the  vertebral  and  from  the  concavity  of  the  beginning  of  ihe  subclavian 
arch.  It  passes  over  the  anterior  surface  of  the  pleural  cupola,  behind  the  subclavian  vein,  to 
the  posterior  surface  of  the  stemodavicular  jomt  and  of  the  muscles  arising  in  this  situatkm  (the 
stemohyoideus  and  the  stemoth)rreoideus).  It  then  passes  almost  directly  downward  upon  the 
posterior  surface  of  the  costal  cartilage-,  about  i  cm.  from  the  sternal  margin,  being  in  relation 
posteriorly  with  the  costal  pleura  and  the  transvcrsus  thoracis,  and  at  the  level  of  the  fifth  or 
sixth  costal  canilagc  divides  into  its  terminals.  The  arierj-  sends  numerous  branches  to  the 
anterior  dioradc  and  abdommal  walls,  to  the  thoracic  vtscerai  to  the  pericardium,  and  to  the 
dtaphngm,  all  the  branches  bdng  given  off  af  ttt  the  artery  enters  the  superior  thoracic  aperture. 
The  branches  are: 

(a)  The  anterior  mediastinal  artrries,  small  twigs  which  pass  to  the  lymphatic  nodes  situated 
in  the  anterior  mediastinum,  and  to  the  large  vessels. 

(i)  The  thymic  t^teries,  small  branches  to  the  tlqrmus  ^and. 
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vessels  (intercostal 
branches  oj  intern, 
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Inferior  epigastric  art. 

Fig.  — The  course  and  branches  <>f  the  internal  mammary  artery.  The  posterior  thoraric  and  abdominal 
walls  have  been  removed  by  a  frontal  section.  The  anastomosinj;  branches  of  ihe  superior  and  inferior  rpigastric 
arteries  have  been  exposed  by  incising  the  rectus  abdominis. 
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(c)  The  bronchial  branches  go  to  the  bifurcation  of  the  trachea  and  follow  the  bronchus 
to  the  pulflKUKuy  hilus,  wheie  they  anaitcxnoee  witia  the  bn^faial  arteries  from  the  aorta. 

(d)  The  perieariiaee^rmic  artery  (eames  nervi  ^emd)  (Fig.  ,701)  is  a  very  long  slender 

vessel  which,  together  with  the  phrenic  ner\'e,  passes  downward  upon  the  lateral  surface  of  the 
pcrirardium,  covered  by  the  pericardiac  pleura,  and  ramifies  in  the  pericardium  and  also  in 

the  diaphragm. 

(e)  The  perforating  branches  (Fig.  593),  seven  to  eight  in  number,  pierce  the  intemal  inter- 
costal musdes  in  the  antoior  particms  ef  the  mtercostal  spaces  and  give  off  cutaneous  branches 

to  the  integument  of  the  chc^i  and  muscular  branches  to  the  thoracic  musculature  (pectoralis 
major).  The  third,  fourth,  and  fifth  perforating  branches  in  the  female  give  off  mammary  branches 
to  the  mammar}'  gland;  the  hrst  is  frequently  of  considerable  size  and  makes  its  appearance 
between  the  two  heads  of  the  stenmdeiilomartoideiis.  The  perforathig  brandies  also  give  off 
small  Uemei  hrandus  to  the  posterior  surface  of  the  stemum. 

(/)  The  anterior  intercoslal  arteries  (Fig.  553)  run  in  the  anterior  portions  of  the  upper 
five  or  six  intercostal  spaces  and  anastomose  with  the  anterior  extremities  of  the  posterior  inter* 
costal  aricries  from  the  aorta. 

(g)  The  mtuadoj^eitie  artery  (Fig.  553),  one  of  the  tcnnmal  fanudicsof  the  mtemat  mam- 
mary, passes  along  the  upper  margin  of  the  costal  orig^  of  ^e  diaphragm  and  upon  the  Inner 
sur&ce  of  the  costal  arch,  from  the  sixth  to  the  tenth  costal  cartilages.  It  gives  otT  the  antaior 
intercostal  branches  for  the  sixth  or  the  seventh  to  the  tenth  intercostal  space?,  and  sends  numerous 
muscular  branches  to  the  costal  portion  of  the  diaphragm  and  to  the  contiguous  portion  of  the 
transvefsus  abdominn. 

(h)  The  superior  epigastric  arkry  (Fig.  553)  b  the  real  termination  of  the  internal  mamnuuy 

and  extends  to  the  abdomen  in  the  direction  of  its  parent  trunk.  At  the  level  of  the  seventh 
costal  cartilage  it  passes  through  the  space  between  the  costal  and  sternal  portiom  of  the  diaphragm 
and  sinks  into  the  substance  of  the  rectus  abdominis,  which  it  supplies.  Within  this  muscle 
tuimevous  small  twigs  of  the  vessd  anastomose  with  the  inferior  epi|^tru:  artery  from  the 
external  iliac,  an  anastomosis  betweoi  the  artery  of^  the  upper  and  that  of  thejow^^rextremity 
being  thus  brought  about.  The  superior  epigastric  artcr)'  also  gives  oiT  fine  branches  which 
anastomose  with  branches  of  the  hepatic  artery  in  the  falcifomi  ligament  of  the  liver. 

The  UOeral  ecM  Watiek  Is  dcictibed  m  w  •bobwIous  branch  oi  (be  inUrmJ  mammaty  •rtety  of  occMiorai]  occur- 
renoe.  It  is  formed  bgrthe  imioD  of  m  Dumber  of  the  anterldr  intemMtsl  braDehea,  usually  at  the  level  of  the  third 
and  pamt  downward  and  outward  as  fiv  as  the  fifdi  lilx 

3.  The  thyreocervical  trunk  (Figs.  539,  55c,  and  551)  arises  immediately  lateral  to  the 
vertc1>ral  artery  from  the  convexity  of  the  arch  of  the  subclavian.  It  is  a  short,  thick  trunk  which 
usually  breaks  up  into  four  arteries,  although  occasionally  one  or  more  of  these  may  arise  inde- 
pendently from  the  subclavian  artery  itself.  The  direct  continuation  of  the  trunk,  the  injerior 
ikyreM  artery,  is  the  hugest  of  these  Iwanches,  while  the  oAer  three  appear  rather  as  accessory 
branches.  Two  of  them,  the  superficial  and  the  ascending  cervical  arteries^  often  arue  by  a 
short  common  stem;  the  fourth,  the  transverse  scapular  artrry,  is  a  di'^tinctly  separate  branch 
of  the  trunk  and  is  the  branch  of  all  others  which  most  frequently  springs  directly  from  the  trunk 
of  the  subdavian. 
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(a)  The  injerivr  thyreoid  artery  (Figs.  539,  551,  588,  and  694)  is  a  rather  large  vessel,  which 
at  first  passes  vertically  upward  along  the  inner  margin  of  the  scalenus  anterior  and  behind  the 
common  carotid.  It  then  curves  medially  and,  in  front  of  the  vertebral  arlerj%  passes  between 
the  common  cuoUd  and  the  oesophagus  to  the  latenl  surface  of  the  tiachea  and  to  the  thyreoid 
^and,  when  it  ends  in  numoous  laige  i^andndar  hnmckes  which  enter  the  posterior  aspect  of 
the  thyreoid.  From  one  of  these  twigs  proceeds  the  inferior  laryngeal  tartery,  which  pierces  the 
lateral  wall  of  the  pharj-nx,  {jivcs  olT  pharyngeal  branches,  and  ramifies  upon  the  posterior  surface 
of  the  larynx,  anastomosing  w  hh  the  superior  laryngeal  artery  from  the  superior  thyreoid.  The 
kdenot  thyroMd  artery  also  gives  off  msophageal  and  trackad  branches, 

(b)  The  superficud  cervical  artery  (Figs.  539,  550,  588,  699,  and  700)  at  fiist  lies  upon  the 
medial  surface  of  the  stemocleidomastoideus  and  ct  the  scalenus  anterior,  and  then  runs  almost 
transversely  laterally  and  backward  through  the  siiprafla\icular  fossa,  approx!niatcl\'  i-arallel 
with  the  clavicle  and  rather  supcrticial,  being  covered  only  by  the  suiH-tlkial  cervical  fa.'>(  ia,  the 
platysma,  fatty  tissue,  and  lymphatic  glands.  It  ramifies  in  the  integimient  and  neighboring 
muscles,  usuaOy  extending  to  the  trapeadus,  and  may  take  the  place  of  the  ascending  brandi 
of  the  transverse  cervical  artery  when  this  vessel  is  unusually  small. 

(c)  The  ascending  cen'ieal  artery  (Figs.  539,  550,  551,  and  700")  passes  upward  Ijcsidc  the 
phrenic  nerve  ui>on  the  anterior  surface  of  the  scalenus  anterior,  then  passes  u])on  the  longus 
colli.  It  is  covered  by  the  stemocleidomastoideus  and  the  internal  jugular  vein,  and  is  situated 
hk  front  of  the  transverse  processes  of  the  cervical  votebne.  It  gives  muscular  branches  to  the 
neighboring  muscles  and  spinal  branches  to  the  vertebral  c  anal.  A  larger  deep  bratich  is  occa- 
sionally given  ofT,  passing  (o  the  nuchal  miisctilature  in  the  region  of  the  fifth  cen'ical  vertebra, 
where  it  anastomoses  with  and  may  sometimes  entirely  replace  the  deep  ccr>'ical  arter)'. 

(d)  The  transverse  scapular  {suprascapular)  artery  (Figs.  539,  550,  552,  699,  703,  and  704) 
passes  transversely  in  front  of  the  scalenus  anterior  to  the  clavide,  at  tirst  running  parallel  with 
the  superfu  lal  cervical  artery  and  then  taking  a  downward  direction.  It  gives  o(T  small  branches 
to  the  neiglii)orinp  muscles,  pa«:s<.'s  Ijchind  the  rlavirlc,  ^cr\(h  an  acrominJ  hranrh  tlmuigh  the 
insertion  of  the  trapezius  to  ilie  acromial  rete  (stx'  page  49),  and  runs  over  the  superior  transverse 
scapular  ligament  to  reach  the  supraspinous  fossa.  It  fmally  passes  into  tlic  infraspinous  fossa 
between  the  neck  of  the  scapula  and  the  inferior  transverse  scapular  Ugament,  suppli»  the  supra- 
spinous and  mfraspinous  musdes  and  the  shouMer-joint,  and  anastomoana  with  the  circumflex 
scapular  artcr\'  from  thr  axillar}'. 

4.  The  costocervical  trunk  i^Fig.  550)  arises  as  a  short,  lliick  stem  from  the  posterior 
surface  of  the  subclavian  artery  and  is  of  approximately  the  same  caliber  as  the  thyreocervical 
trunk.  It  runs  upward  a  short  distance  behind  the  scalenus  anterior  and  divides  at  once  into 
an  ascending  and  a  descending  terminal  branch. 

(a)  The  rtiprriiir  iulcrcositil  arhrx  ^Fig.  53^*1,  tho  desrending  lerminal.  runs  tiownward 
in  front  of  the  neck  of  the  first  rib  and  furnishes  the  ini(.r(0>tal  aru  rio  for  the  tkst  and  second 
intercostal  s|>aces,  these  pursuing  a  course  similar  to  that  of  the  remaining  intercostal  arteries 


(see  page  53). 

{b)  The  deep  cen'ical  artery  (Fig.  696},  the  ascending  terminal,  which  is  not  always  present, 
passes  backward  beneath  the  transvorse  process  of  the  seventh  cervical  vertebra  and  then  upward 


THE  ARTERIES. 


41 


behind  the  transverse  processes  of  the  cervical  vertebra?,  between  the  lemispinali-,  capitis  and 
scmispinali?  rcn  tri?,  to  the  k  vc!  of  the  axis.  7n  addition  to  numerous  muscular  branches  it  also 
sends  spinal  branches  through  the  lower  inter\ertebral  foramina  of  the  cer\'ical  column  to  the 
vertebcal  cuul.  The  artny  anastdmoses  with  blanches  df  the  ascending  cen  ical,  with  the  verte- 
hnl,  with  the  ocdpital,  and  occasianally  also  with  the  ascending  bntnch  o!  the  transverse  cervical. 

5.  The  transverse  cervical  artery  (Figs.  539,  552,  696,  699,  700,  and  714)  is  the  only 
branch  which  arisos  from  the  terminal  jwrtion  of  the  subclavian,  and  its  size,  course,  and  origin 
are  quite  variable.  It  is  situated  deeply  in  the  supraclavicular  fossa,  in  front  and  to  the  outer 
side  of  the  scalenus  mcdius,  and  passes  between  the  cords  of  the  brachial  plexus.  In  front  of 
and  lateral  to  the  vessel  is  the  inferior  belly  of  the  omohyoideus,  as  well  as  lymphatic  nodes, 
fatty  tissue,  the  cen-ical  fascia,  and  the  platysma.  It  runs  laterally  and  backward,  giving  off 
muscular  hraiu  lus  to  the  levator  -iaj>ula-,  and  at  the  anterior  mar^nn  of  the  trapezius  or  some- 
what beyond  it  divides  into  a  smaller  ascending  and  a  larger  descending  branch.  The  ascending 
branch  passes  upward  between  the  trapezius  and  the  levator  scaptdse  or  between  the  latter  muscle 
and  the  splenius,  and  anastomoses  with  the  other  nuchal  arteries  acconling  to  its  degree  of  devel- 
opment. The  descending  branch  runs  downward  along  the  vertebral  border  of  the  scapula, 
being  situat<fl  Iwtween  the  rhomhoidri  and  the  serratii*  posterior  superior.  It  is  thv  large-t 
arter)'  of  the  back;  it  anastomoses  with  numerous  branches  ol  the  axillary  artery  -and  pierces 
the  scrratus  anterior  at  the  inferior  angle  of  the  scapula  to  reach  the  subscapular  fossa. 

When  the  transverse  cervical  aiteiy  is  anwiialous,  it  is  most  frequently  replaced  by  the 
supeifidal  cervical,  which,  under  these  drcnmstances,  is  unusually  larger* 

THE  a:-ullary  artery. 

The  axillary  artery  (Figs.  539,  550,  552,  554,  555,  and  703)  is  the  continuation  of  the  sub- 
davian  throng  the  axitlaiy  fossa.  It  is  accompanied  by  the  vein  ol  the  same  name,  whidi 
lies  medially  and  somewhat  anterior,  and  by  the  brachial  plexus  whidi  is  mostly  lateral,  but 
w  hieh  partly  surrounds  the  nrter)-.  The  upper  yK>rt!on  of  the  vessel  is  covered  by  the  clavicular 
origin  of  the  pcctoralis  major,  the  middle  portion  by  the  pectoralis  mrfjor  and  minor,  and  the 
lower  portion  by  the  insertion  of  the  pcctoralis  major,  the  a.xillary*aricry  becoming  the  brachial 
at  the  lower  margin  <rf  the  latter  musde.  The  upper  portign  of  the  aadllaiy  artery  is  rather  close 
to  the  thoracic  wall  and  is  in  relation  medially  with  tbe  musculature  overlying  the  outer  surface 
of  the  thorax,  particularly  with  tbe  upper  portian  of  the  sertatus  anterior.  Tiie  artery  then 

*  [Dean  (Amer.  Jour.  Anal.,  Vol.  IV,  1905)  f'  >un<l  from  a  stalittieAl  Study  that  the  variations  in  the  ocig&t  cf  the 
iHaiichcs  of  the  aubcUviaa  artery  might  be  refencd  to  five  diSeceBt  fy^t^  Two  of  tfacae  types  included  57  per  cent, 
of  the  cases  examfitc*!,  one  of  them,  occurring  in  >i  per  cent,  of  eases  on  the  ri|;ht  side  of  the  body  and  in  only  8  per 

cent,  on  the  k-U  side,  h.win^;  the  ind  rior  thjTooid,  tr.ins\ itsc  scapulai .  ,ini^ s»i;n rhcial  cervical  branches  ari^iriK  fnim  the 
thyreocervical  trunk,  while  tbe  transverse  oervkal  arises  independently  from  the  subclavian  behind  tbe  scalenus  anterior. 
The  otiier  principal  type  occurred  in  »3  per  cent,  of  eases  on  tlie  Idt  aide  of  the  body  and  in  only  $  per  cent,  on  the 
ripht  sidr,  nnd  -nTis  rhariifli-ri/.  il  Ijv  the  infrrinr  th^Tf■fl•^l,  transverse  scapular,  and  transvi  r^c  c  itv:<  .il  V.r.'inf  hc«i  arising 
from  the  thyrcoctrvicai  trunk,  wiiilc  the  supcrSitiiil  ccr\;t.il  was  wanting,  its  place  being  Liken  hy  small  branches  from 
tbe  transverse  cervical.  In  a  third  t>-pe,  which  occurred  in  32  per  cent,  of  ca#s,  and  aix)ut  e<]ually  on  ^Acr  si<Ic,  the 
tbyreoecrvical  trualc  gave  origin  to  the  inferior  thyreoid  and  superficial  cervkal  brancliciv  the  transvene  cervical  and 
tramvene  smptihr  both  arising  independently  from  the  sulidavjan,  the  bdifod  the  scalenus  anterior  and  the 

latter  distal  to  it. — ^Bd.] 
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Fig.  554. — The  nerves  :ind  ves-^els  of  the  flexor  surf:u:e  of  the  upper  arm. 
Fig.  555. — ^The  saxnc  disscctioa  as  Fig.  554,  after  the  removal  of  the  vcim. 
The  biceps  bncUi  hu  been  dnwa  outwaid. 


passes  away  from  the  thoracic  wall  toward  the  ann,  where  it  is  at  £xst  situated  between  the  inser- 
tion of  the  subscapiilaris  and  the  coraooid  process,  and  subsequently  between  the  insertion  of 

the  subscapularis  and  the  common  origin  of  the  coracobrachialis  and  the  short  head  of  the  biceps. 
It  leaves  the  axillan,'  fossa  between  the  tendon  of  the  yicctorali'^  major  and  those  of  the  latissimus 
dorsi  and  teres  major,  and  is  separated  from  the  integument  of  the  armpit  by  a  thin  layer  of 
fascia  and  particularly  by  the  axillary  lymphatic  nodes. 

From  the  axillary  cavity  the  artery  supplies  branches  to  the  entire  region  of  the  shoulder 
and  ii--  ramifications  extend  not  only  to  the  thoiadc  wall  but  also  to  the  back.  The  anterior 
wall  of  the  axilla  is  suppHcfl  chiefly  bv  thi'  thoraro-arromial  artcn*  nnt!  its  bmnc  h«»s,  the  posterior 
wall  by  the  large  subscapular  arten,',  the  inner  wall  by  the  lateral  thoracic  au-icr}-,  and  the  outer 
wall  by  the  circumflex  humeral  arteries.  In  their  order  of  origin  the  branches  of  the  axillary 
artery  are  as  follows: 

1.  The  Bttperior  thoracic  artery  is  an  inconstant  branch.   When  present  it  arises  from 

the  rommenremenf  nf  the  a\-ill;iry  immediately  below  the  sulx  lavi'.;-,  and  pia-ses  chiefly  to  the 
posterior  surface  of  tin  pet  toralis  major,  to  the  pectoralis  minor,  and  to  the  upper  portion  of 
the  scrraiUii  anterior.   W  hen  absent  the  arterj'  is  replace<l  by  branches  of  the  following  vci^el: 

2.  The  thoracoacromial  artery  (Figs.  539,  551,  552,  and  699),  the  first  large  branch  of 
the  axillary,  arises  at  the  upi)er  margin  of  the  pectoralis  minor,  passes  anteriorly  to  the  pectoral^ 
major,  whii  h  covers  it,  and  after  a  very  short  course  break?  up  into  ii^.  brant  ho?. 

(a)  The  pectoral  branches  (Fig.  552),  two  or  three  vessels  of  considerable  size,  to  the  pec- 
toralis major  and  minor. 

(6)  The  a<^omid  hrattch  (Fig.  553)  is  covered  at  its  tnigin  by  the  davicular  portion  of  the 
dchoideus,  but  subsec^uc  n;ly  beeomes  superficial  and  passes  to  the  acromion,  where  it  anastomoses 
with  the  acromial  branch  of  the  transverse  scapular  artent'  to  form  the  (icromiitl  rrfr. 

(f)  The  deltoid  branrh  (Pic;.  6qq^  frequently  arises  witii  the  pireeedinn  liy  a  ^horl  common 
trunk.  It  is  superficially  >imalal  inghe  deltoideopei:lonil  trigone  ami  ]>a.sscs  downward  along- 
side of  the  cephalic  vein  supplying  the  contiguous  margins  of  the  clavicular  portions  of  the  deltoid 
and  great  jxctoral  muscles. 

3.  The  lateral  flong'l  thoracic  artery  fFicrs.  551,  552,  and  504I  arises  behind  the  pectoralis 
minor  and  run-,  <h)W'n\vard  upion  lhe%erralus  anterior  on  the  lateral  ihoraric  '.vail  to  about  the 
level  of  liie  filth  intercostal  space;  it  is  parallel  to  the  long  thoracic  ncne  allliuugh  considerably 
anterior  to  this  structure.  The  vesall  ramifies  chiefly  in  the  aenatus  anterior,  where  it  anasto- 
moses with  the  branches  of  the  thoracodorsal  artery,  which  also  pass  to  thb  muscle.  It  ^ves 
off  external  mammary  branches  U)  the  mammary  gland.* 

(.  Tlie  subscapular  artery  (ly?.  70-;)  arises  at  the  lower  margin  of  ilie  insertion  of  the 
subscapularis  and  is  the  largest  OTanch  of  the  axillary,    ll  forms  a  short  trunk  which  runs  along 

*  [The  lateral  thoracic  artery,  so  ft'  as  it  is  a  direct  branch  of  the  asdUary  artery,  is  frequently  wanting,  its 
place  ti^K  Wuen  ^ig  a  large  branch  dlber  fiom  the  tiipcaco-aaoinJal  or  the  Mifaaiaiptilar  actety. — ^Ep.] 
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the  lower  border  of  the  subacapulatis,  gives  oS  some  twigi  to  this  muscle,  and  divides  into  two 
large  branches: 

(o)  The  thoracodorsal  artery  (Figs.  552,  594,  and  703)  continues  in  the  direction  of  the  parent 
tnmk,  runs  along  the  teres  major  and  latissimus  dorsi  parallel  to  the  axfllaiy  border  ct  the  scapula, 
giving  of!  branches  to  these  muscles,  and  to  the  suhscapulaiis  and  aerratiis  anterior,  and  anasto- 
moses with  the  lateral  thoracic  artery. 

(b)  The  cir cum Jlcx  {dorsnl)  ^fapiiUir  artery  (Fi^'s.  594,  703,  and  704),  the  second  terminal  of 
the  subscapular,  passes  through  the  triangular  space  bounded  by  the  teres  major,  the  teres  minor 
(or  the  sttbficapularis),  and  die  kng  head  of  die  triceps,  and  curves  around  the  axiUaiy  border 
of  the  scapula  to  reach  the  posterior  aspect  of  the  shoulder.  In  addition  to  supplying  the  sub- 
scapularis,  teres  major,  and  teres  minor,  the  artcr,-  sends  branches  to  the  infraspinatus,  being 
situated  between  this  muscle  and  the  dorsal  surface  of  the  scapula,  and  anastomoses^  with  the 
transverse  scapular  artcT)'  from  the  subclavian  by  branches  which  pass  about  the  neck  of  the 
scapula  to  reach  the  supraspinous  Ibssa. 

5.  The  sobscapolar  branehsa  are  independent  arteries  which  pass  from  the  axillaiy  to 
the  subscapulDT'  n^u  Hr 

6.  The  anterior  circumflex  humeral  artery  (Fig.  703)  is  a  relatively  in^i^mificant  vessel 
which  arises  at  the  le\el  of  the  upper  margin  of  the  tendon  of  insertion  of  the  pectoralis  major, 
passes  outward  around  the  anterior  surface  of  the  surgical  neck  of  the  humerus,  covered  by  the 
ooracobrachialis,  the  short  head  of  the  biceps,  the  long  tendon  of  the  triceps,  and  the  dettoideus, 
and  supplies  these  muscles  an  !  ili     '   ul  l  r  joint 

7.  The  posterior  circumtiex  hurnera!  artery  ;Fi<^s.  50 j.  703,  and  704)      much  !arEi:er 

than  the  preceding  vessel.    It  arises  at  the  level  of  the  up|>er  bortier  of  the  tendon  of  insertion  of 

the  latKsimus  dorsi,  opposite  the  origin  of  the  anterior  circumflex  arteiy,  and  passes  backward 

around  the  surgical  neck  of  the  humerus,  through  the  quadrilateral  space  boimded  by  the  teres 

major,  the  long  head  of  the  triceps,  the  lower  border  of  the  siibscapularis  and  the  1)One,  to  reach 

the  posterior  aspect  of  'he  shoulder  in  company  with  the  axillary  nenx'.    The  artery  is  separated 

from  the  circumilex  scapular  arter^'  by  the  long  head  of  the  triceps  and  is  covered  by  the  deltoideus, 

iriiich  it  supplies,  as  well  as  the  long  head  ol  the  triceps  and  articular  capsule  of  the  shoulder- 

jomt,  and  anastomoses  fredy  with  the  deltoid  branch  of  the  thoraco-acromial,  with  the  anterior 

drcumflex,  and  with  the  subscapular. 

Tbe  tqpaa  of  the  »bouldcr  is  chiefly  supplied  by  bnutcbes  of  tbe  MibcUvian  wd  uillaiy  arteries,  \«  Inch  anastomoM 
freely  and  are  useful  in  forming  a  cnllaleral  drculatloa  when  tlie  btood-etrean  in  the  main  channel  has  )>orn  interrupted. 
The  most  important  ol  ".hisc  .u!asU):iiii--'-i  .irc:  (i)  The  traiir,>r:f  scapular,  from  iht-  subclavian,  anastomoses  with 
the  ofcmmfUx  scapnlar,  from  the  ajullary,  ia  live  ftupfaapinoua  and  iofra^inoiu  fosse.  (3)  The  Iraiuvtrtt  $tafidar, 
from  the  subchi^rfaii,  aiiaetaiiuMes  bjr  meansfif  itsacroinia]  bnmch  with  ^  ritniiarly  mmed  bimach  of  tlie  tktntt-mrmitiai 
:-ir!fry  ti>  form  the  acromial  rcte.  (■()  The  dcscrnflir.^'  Ijr.int  h  r,f  t!i<-  tinnsvfrse  errvical,  from  the  sulKbviun,  :inastomo«<-s 
«'iih  Iwarulus  <jf  the  thoracodorsal  and  circumfiex  scapuitir  aitwua,  t'rom  the  axillary.  The  individual  br;ini  lies  <jf  the 
axillary  artery  also  enter  into  manifold  anastumofics — e.g.,  (a)  The  deltoid  branch  of  the  thoraco-acromial  wiili  Uu-  pos- 
terior drcumflex  artery  of  the  humerus;  (6)  the  laUnl  thoraeU  with  Uie  thomcodorMl;  (t)  the  two  circumjUx  kumerttt 
arteries  with  each  other;  (</)  the  posterior  eireumfex  humfral  with  the  tubttapular  and  etmmftx  scapular  wteriei. 

(  );hrr  .in.islomoscs  cxi>.t  Ix  twci  n  se  veral  of  the  Imitu  !if4  of  ihr  axllUit)  arit  ry  |i.[S.sirij!;  t<i  [he  :!n>rncir  wall  (the  lateral 

thoracic,  tbe  thoracodorsal)  and  the  laUanl  cutaneous  branches  of  the  aortic  intercostals.  Finally,  the  long  bead  of 
the  iilcepe  CBWiitiis  nanoinowi  bewneen  the  braocbea  of  the  pogterioc  circninfle*  humeral  artery  aiid  twigtof  (be  deep 
beacbial  artery  from  the  brachial  itidf. 
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Fic.  556. — The  r>erve<«  and  vessels  of  the  exlensor  surface  of  the  upper  arm  (superficial  layer). 
Fig.  557. — 'i  he  ner\'es  and  vessels  of  the  extensor  surface  of  the  upper  arm  (deep  layer). 
•  -  Divided  twig  of  deltoid  branch  of  deep  brachial  urtery.      -  A  partwn  of  the  triangular  space. 


THE  BRACHIAL  ARTERY. 

The  brachial  artery  'Fi^'s.  554  to  557  and  705  to  707),  llu  immediate  continuation  of  the 
axillary,  runs  in  the  medial  bicipital  sulcus  immediately  beneath  the  fascia,  the  subcutaneoiis 
veins  and  nerves,  and  the  integument.  It  passes  ahnost  directly  downward  into  the  cuhital 
fossa,  in  the  depths  of  which  it  divides  mto  its  two  tenninal  branches— the  radial  and  the  ulnar 
arteries.  As  it  lies  in  the  medial  bicipital  sulctir-  tlu  arti  n-  has  a  number  of  important  relations 
in  addition  to  that  with  the  biceps.  At  its  commmctnunt  it  i>  medial  to  the  insertion  of  the 
coracobrachialisj  lower  down  it  is  situated  in  front  of  the  brachialis,  and  the  termination  of  the 
arteiy  xests  upon  the  insertion  of  the  brachialis  and  is  covered  by  the  lacertus  fibrastis.  The 
«te  of  bifiucaton  is  in  front  of  the  insertion  of  the  brachialis,  between  the  pronator  teres  and  the 
tendon  of  insertion  of  the  biceps,  and  corresponds  to  the  level  of  the  coronoid  process  of  the 
ulna.  The  arten,-  is  arrompanied  by  two  hrarhial  veins  and  !)y  the  mcflian  nene,  the  latter 
structure  being  at  first  lateral,  cro^^irig  the  artery  at  an  acute  angle  below  the  middle  of  the 
arm,  and  finally  taking  a  medial  position  in  the  cubital  fossa.  In  the  upper  third  of  the  aim 
the  ulnar  nerve  is  near  the  medial  surface  of  tbe  artery. 

But  few  large  branches  arc  given  off  by  the  brachial  artcrj'.  With  the  exception  of  ten  or 
(weh  e  muscular  branches  (particularly  to  the  biceps)  it  gives  origin  to  the  following  three  vessels, 
of  which  the  first  is  the  only  one  of  considerable  size: 

r.  The  daap  brachial  (superior  profunda)  artery  (Figs.  554  to  557)  arises  as  a  slu»t 
thick  trunk  in  the  neighboriiood  of  the  upper  border  of  the  medial  head  of  the  triceps  and  ap- 
proaches the  radial  nerve,  which  it  accompanies  at  first  between  the  long  and  medial  heads  of 
the  triceps  and  then  between  the  medial  and  lateral  heads,  in  the  groove  for  the  radial  ner\e 
upon  the  posterior  surface  of  the  hiunerus.  It  is  the  artery  for  the  posterior  surface  of  the  arm, 
m  which  situation  it  divides  into  its  terminals.  In  addition  to  muscular  branches  to  the  triceps 
it  gives 

(a)  The  deltoid  branch  (Figs.  556  and  557),  a  small  vessd,  occasionally  absent,  which  goes 
to  the  lower  and  posterior  portion  of  the  deltoideus. 

(h  )  The  nutrient  arteries  oj  the  humerus,  several  small  branches  which  enter  the  bone  through 
Corrc»ix>nding  nutrunt  fonunina. 

(c)  The  «Ml(Ufo  oMaterti  mUfj^  one  of  the  terminals,  usually  penetrates  the  substance  of 
the  inner  head  of  the  triceps  and  runs  in  this  muscle  to  the  cubital  artictdar  rete  (sec  page  49). 

(</)  The  radial  collateral  artery  (Figs.  556  to  558  and  '•oc)),  the  second  terminal  of  the  deep 
brachial  and  its  actual  continuation,  accompanies  the  radial  nerve  in  its  groove  and  soon  divides 
into  a  volar  and  a  dorsal  brandh.  The  volar  branch  passes  with  the  radial  nerve  to  the  anterior 
soiface  of  the  dbow  and  b  atuated  in  the  groove  between  the  brachioradialis  and  the  bcadiialk; 
ui>on  the  supinator  it  anastomoses  with  the  radial  recurrent  arten,-.  The  dorsal  branch  appears 
at  the  external  intennuscutar  septum  together  with  the  dorsal  cutaneous  antibrachial  nerve. 
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and  ninifies  in  the  triceps  and  in  die  integument  upon  the  posterior  sui&oe  of  the  aim,  tennina- 
tmg  in  the  cubital  articular  rete. 

3.  The  superior  ulnar  collateral  (inferior  profunda)  artery  (Figs.  554  to  557  and  705) 
ari<;cs  some  dislance  below  the  dri.])  brachial  and  accompanies  the  ulnar  ner\'c  along  the  medial 
intermuscular  septum  as  tar  as  the  olecranon,  (jiving  oil  branches  to  the  medial  head  of  the  triceps 
and  tenninating  in  the  cubital  articular  lete. 

3.  The  inferior  vbiar  colUtenU  (anattomotica  nuf  aa)  artery  (F^.  554  to  557  and 
70s  to  7°"^  arises  far  below  the  preceding  vessels,  just  above  the  infernal  condyle,  and  runs 
down  wan  i  and  mc-dially  in  front  of  the  inner  portion  of  the  brachialis  toward  the  lower  part  of 
the  medial  intermuscular  septum,  which  it  pierces  to  reach  the  inferior  humeral  epiphysis.  It 
gives  off  numomus  muscular  branches,  and  tenninates  by  anastomosing  with  the  pieceding  vessds 
and  with  the  ulnar  recnuent  arteries  in  the  cubital  articular  rete. 

The  bnndies  of  lh«  brachial  arter)-  arc  subject  to  manifold  variations.  Either  ulnar  rxjlmtenl  mrtery  may  replace 
its  felknr  or  they  may  both  arise  from  the  deep  brachial,  together  iriUi  bimncbes  of  the  MiUaiy  artery  (the  tetwrapular 
Mid  tlie  circumflex  humeral  arteries).    In  Fig.  557  a  variant  of  theorlgfn  of  t1)e  tenn{|]a]to(Uiedeep1nMliiaIi$liliO«n>. 

THE  ARTERIES  OF  THE  FOREARM. 

It  is  usually  stated  that  the  brachial  artery  divides  in  the  cubital  fossa  into  two  terminal 
branches — the  radud  and  the  ulnar  arteries  (Figs.  558,  559,  and  705  to  709).  It  would  be  more 
accurate  to  say  that  the  brachial  artery  gives  off  a  large  branch  in  the  cubital  fossa,  the  radial 
arteiy,  and  then  runs  a  short  distance  before  dividing  into  its  terminal  branches— the  ulnar 
artery  (in  a  restricted  sense)  and  the  common  interosseous  artery.  This  ooncqition  is  supported 
by  some  of  the  numerous  anomalies  of  the  arterie>  of  the  forearm. 

The  radial  artery  supplies  the  radial  side  of  the  anterior  surface  and  the  radial  border  of 
the  forearm,  passes  to  the  back  of  the  hand  to  form  its  chief  arter}-,  and  b  also  concerned  in 
the  supply  of  the  palm.  The  ufaiar  artery  by  means  of  its  intcroBseous  branch  suppUes  the 
posterior  surface  of  the  forearm,  the  ves.scl  itself  supplying  the  ulnar  border  and  the  ulnar  half 
of  the  anterior  surface,  and  al>o  forming  the  chief  artery  of  tlu  [lalni.  Rut  fi  w  branches  of 
the  ulnar  arter>'  reach  the  back  of  the  hand  and  these  do  not  extend  any  great  distance  beyond 
the  wrist.  All  the  proximal  branches  of  both  the  radial  and  ulnar  arteries  participate  in  the 
formation  of  the  cubital  articular  rete. 

In  Karcdy  wnf  other  loAtkm  In  the  body  are  snamxlKS  to  frequent  a$  bi  the  ivtcrits  of  the  fomrni.  The  inoit 

im(i<irt;irit  h  A  hi^li  iliviMMii  of  the  brachial — i.e.,  the  radial  arh  ri.  arist-s  at  some  {mint  in  the  upper  arm  and  pursues 
a  supcrijLiai  lour&c  lu  ibc  torcarm,  frc<{uently  Ix-ing  situated  cvcu  in  front  of  the  laccrtus  librasus.  Sometimes  an  artery 
blanches  oft  from  the  brachial  and  subsci|uentlr  unites  with  it  in  the  cubiul  fossa  (vas  •bernuis);  if  ii  Join  the  radial 
artery  in  this  situation  the  firat-meoiioaed  anomaly  is  produced.  More  rarely  the  ulnar  artery  ariaes  in  this  nuBner 
and  runs  superSdany,  in  front  of  (he  superficial  flexors,  the  vesad  then  rorrcspundin^  only  to  the  ulnar  artery  in  the 
restricted  sense,  while  th<-  i-nin.in  iMlerosseou.s  arters  rr|i^i  s<  nts  the  tei  niiiiirii ni  of  the  trunk  of  the  brachial.  This 
latter  condition  may  also  obtain  when  the  radial  artery  and  the  ulnar  artery  in  the  restricted  sense  arise  from  a  common 
superficial  trunk.  Net  infrequendy  the  small  median  artery  Is  replaced  by  n  large  vessel,  whieh  thett  supplies  the  hand 
tt  a  third  artery  c>f  the  forearm. 

[The  majority  of  iheiw  anomalies  are  proliably  to  be  regarded  as  persistences  of  conditions  occurrii))^  in  theemlirvo. 
Thuss  at  an  early  stage  of  development  but  a  single  artery  occurs  in  the  forearm,  the  braihial  Vx-inu  continued  directly 
downward  as  the  Inlcroiacous  artery.  From  this  arises  secondarily  the  median  artery,  which  for  a  lime  is  the  principal 
utciyof  die  foreuBtUdfiiiaUy  the  ulnar  artoy  Is  formed.  Front  the  bnchial,1i^h  in  the  upper  ann^nrtea  a  superfir 
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cial  brachial  stem,  which  passes  down  the  radul  side  of  the  foream  «nd  l&ter  makes  a  connection  with  the  interoMcous 
at  the  point  where  this  vessel  gives  origin  to  the  ulnar.  The  upper  pari  of  ihe  superficial  <>rachial  then  normally  degen- 
erates, being  represented  in  the  adult  only  by  a  muscular  branch,  and  its  lower  part  liecomcs  the  radial.  Should  the 
originat  superficial  brachial  persist,  however,  a  high  origin  of  the  radial  would  result  A  high  origin  of  the  ulnar  might 
be  due  to  a  aecoodary  oonnection  of  the  or^jjnial  alnar  Meoi  wilb  the  topecficiBl  tancUal»  and  the  occucreBoe  of  a  huge 
median  artery  is  a  simple  peraatence  of  that  veaid  in  its  embryoidc  ooDditioo.— En.] 

Itih  RADiAL  ARTERY. 

The  radial  artery  (Figs.  705  to  709)  arises  behind  the  lacertus  librosus  from  the  bifurcation 
of  the  faxadiial,  and  puxsitta  a  fairly  straight  couise  towud  the  wrist-johit.  At  fint  it  lies  between 
the  insertiQiii  of  the  biceps  and  the  hicertus  fibrosus,  then  between  the  bnchionidialk  and  the 
supinator,  and  lower  down,  behind  the  brachioradialis  and  in  front  of  the  insertion  of  the  pronator 
radii  Irres.  Up  to  this  point  it  is  beneath  the  inner  [)ortion  of  the  brachioradialis,  but  below 
the  middle  of  the  forearm  it  is  covered  only  by  skin  and  fascia  and  lies  in  the  groove  between 
the  brachioradialis  and  the  flexor  carpi  radialis,  consequently  at  the  inner  (ulnar)  margin  of  the 
Uxaaex»  Behmd  the  artery  in  this  situation  are  the  flexm*  poUicis  kmgus  and  the  pronator  quadra- 
tus.  Wth  the  brachioradialis  and  accompanied  by  the  superficial  branch  of  the  radial  nerve 
which  lies  upon  its  radial  side,  (lu-  radial  artm-  passes  downward  to  the  region  of  the  .-i\Ioid 
process  of  the  radius,  this  part  of  its  course  bi  ing  that  in  which  the  pulse  is  usually  taken.  From 
here  the  artery  passes  to  the  back  of  the  hand  (Figs.  560  and  561)  between  the  radius  and  the 
tendons  of  the  abductor  poUids  longus  and  extensor  pollids  brevfe,  runs  through  the  radial 
fovcola  (the  anatomic  snuffbox),  and  pas-ses  through  the  first  interosseous  space  to  zeadi  the 
depths  of  the  palm,  when-  it>  terminal  rarnification  takes  place. 

The  most  important  branches  of  the  radial  arten,-  are  given  olT  either  from  its  commence- 
ment or,  more  especially,  from  its  terminal  portion.  The  long  middle  portion  gives  origin  to 
muscular  branches  only. 

1.  The  TKurraU  radial  artery  (Figs.  705  to  707  and  709)  arises  from  the  commencement 
of  the  arten,*,  passes  backward  and  upward  (proximally)  between  the  supinator  njion  one  «ide 
and  the  brachioradiah"s  and  extensor  carpi  radialis  longus  upon  the  other,  ramifies  in  the  con- 
tiguous muscles,  ajvasiomoses  with  the  volar  branch  of  the  radial  collatcrd  artery,  and  terminates 
in  the  cubital  articular  rete  (see  page  49). 

2.  The  muscular  branches  (Figs.  705  to  707)  are  cjuite  numerous.  They  arise  from  the 
entire  Icni^th  of  the  radial  arter)'  and  ^u]>])ly  the  neigliboring  musrlrs. 

t;.  'I'he  su[>rrfirial  volar  branch  (Fii^-.  ^c>2,  563.  and  705  I0  707)  arises  at  the  upjier  margin  J 
of  the  styloid  process  and  pursues  a  suj>enicial  coui>e  into  the  [>alm,  being  covered  either  only 
by  the  faada  and,  hi  some  cases,  also  by  the  abductor  poUids  brevis.  It  gives  muscular 
branches  to  the  thenar  enunencc  md  jobs  the  ubiar  artery  to  form  the  snperiicial  volar  ardi  | 
{see  patrr  ^i).  ' 

4.  The  volar  carpal  branch  (Fig.  56;?^  is  a  >mall  and  somewhat  inconstant  ves^^el  which 
passes  between  the  tendon  of  the  iie.xor  carpi  radialis  and  the  volar  surface  of  the  lower  extremity 
of  the  nditts  to  join  the  volar  carpal  lete. 

Upon  the  hack  of  the  hand  arises: 

5.  The  dorstd  carpiU  branch  (Figs.  560  and  561)  is  the  only  large  vessel  which  takes  origm 
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upon  the  back  of  the  hand.  It  b  occaakmaUy  double  and  fonns  the  chief  source  of  supply  <tf 

the  dorsal  carpal  rete. 

6.  Subject  tn  great  variation,  but  usually  coming  directly  from  the  trunk  of  the  radial,  arc 
the  small  dorsal  arteries  which  go  to  both  sides  of  the  thumb  and  to  the  radial  side  of  the  index- 
finger,  the  radiai  and  idnar  dorsal  digitid  arteries  til  the  thumb  and  the  radial  dersai  digUid 
artery  of  the  index-finger  (Fig.  5^)0 1.  The  two  latter  vessds  may  arise  from  a.  short  commoii 
tiunk,  which  i^  then  rksign;ile<l  as  tlie  prsi  dorsal  metacarpal  artery. 

In  the  palm  ami  hetw  ix-n  the  first  dorsal  interosseous  nausclc  and  the  adductor  poliicis  the 
radial  artery  divides  Lnlo  its  two  terminal  branches. 

7.  The  princeps  p<^kis  (Figs.  560,  561,  and  563)  is  the  oommon  artery  for  both  volar  roar- 
gms  of  the  thumb  and  for  the  radial  side  of  the  index-finger,  giving  of!  the  radial  and  ulnar  vtdar 
digital  arteries  of  llie  thumb  and  the  radial  volar  digi/al  artery  of  the  incK  x-fingc  r.  These  branches 
are  variable  ina.-much  a<  they  may  be  jitirtly  or  wholly  replaced  from  the  svifx-rficial  palmar 
arch.    The  artery  runs  along  the  volar  surface  of  the  metacarpal  bone  of  the  thumb. 

&  The  second  and  actual  tenninal  branch  of  die  radial  arteiy  fonns  the  deep  wdar  arck 
(see  page  51). 

THE  ULNAR  ARTERY. 

The  ulnar  artery  (Figs.  707  and  708)  arises  in  the  cubital  fossa  from  the  bifurcation  of 
the  brachial  (see  page  45),  and  at  its  origm  is  not  much  larger  than  the  radial,  although  after 
givug  off  its  pnnhnal  I»anches  its  caliber  is  practicaQy  the  same  as  that  of  this  vessd.  It  runs 
downward  to  the  wrist  upon  the  ulnar  side  of  the  forearm  and  holds  a  relation  to  the  flexor  carpi 
ulnaris  similar  to  that  of  the  radial  artery  to  the  brarhioradialis.  Throughout  the  forearm, 
however,  the  uhiar  artery  is  more  deeply  situated  than  the  radial. 

The  vessel,  which  at  fiist  seems  to  be  the  direct  continuation  of  the  brachial,  makes  a  gentle 
curve  to  the  ulnar  side,  and  at  first,  accompanied  by  the  median  nerve,  lies  in  fnmt  of  the  insov 
tion  of  the  brachialis  and  at  the  ulnar  border  of  the  insertion  of  the  biceps  and  then  upon  (in 
front  of)  the  flexor  dipitonim  proftmdiis,  being  covered  in  the  latter  situation  by  the  origins  of 
the  superficial  tlcxors  and  of  the  pronator  teres.  In  front  of  the  tlexor  digitorum  profundus 
it  passes  almost  directly  downward,  and  at  the  same  time  takes  up  <i  position  hi  the  groove 
between  the  flearar  carpi  ufaiaiis  and  the  flMor  digitorum  sublimis.  In  this  part  of  its  anuse  the 
artery  is  aooompanksd  by  the  ukiar  nerve,  which  lies  in  contact  with  it  upon  its  ulnar  side.  The 
artery  becomes;  more  suyKTficial  as  it  passes  downward  to  the  pisiform  bone,  at  the  radial  margin 
of  the  tendon  of  the  flexor  carpi  ulnaris.  It  next  passes  over  the  transverse  carpal  hgament 
unnwdiatdy  to  the  radial  »de  of  the  puifonn.  bone  and  enters  the  palm,  where  it  is  covered  by 
the  fascia  and  the  pahnaris  brevls,  and  forms  the  superficial  volar  arch  immediatdy  beneath  the 
palmar  aponeurosis.    The  branches  of  the  ulnar  artery  are: 

I.  The  recurrent  ulnar  arteries  (Figs,  ^-S  and  706  to  708),  usually  two  in  number,  may 
also  arise  by  a  common  trunk.  The  smaller  and  anterior  vessel  passes  in  front  of  the  medial 
epicondyle  of  the  humerus  to  the  muscles  arbing  m  this  region.  The  hig/a  and  posterior  arteiy 
runs  behind  the  medial  epicondyle,  gives  off  muscular  branches,  and  passes  between  the  heads 
of  the  flexor  carpi  ulnaris  above  the  uhiar  nerve  to  reach  the  cubital  articubr  rete. 
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Flo.  558. — The  superficial  layer  of  the  nerves  and  vessels  of  the  extensor  surface  of  the  forearm. 

The  cjrtemor  digitaruin  eommuids  and  estciuar  digiti  quIiMl  lave  been  drawn  aliglttly  to  coe  aide. 

Fir,  550     The  deep  hyw  of  tin-  vt— ■t-l-  ind  ner\'es  of  the  extensor  surface  of  the  forearm. 

Till-  extensor  digiloruin  communis  and  extcnMir  digiti  quinii  have  been  strongly  retracted  toward  tlic  ulnar  side, 
the  extensor  poUicis  longus  dhided,  and  tbe  tupioator  iadaed  for  a  «hott  distance  along  tbe  deep  branch  ot  the  radial 
nerve. 


2.  The  common  interosseous  artery  (Figs.  706  and  707 ;  is  the  largest  and  most  important 
branch  of  the  ulnar,  and  may  arise  direcdy  from  the  brachial  when  the  or^;in  of  the  ulnar  ts 
anomalous.  It  is  a  short,  ihick  trunk  which  springs  from  the  postokr  surface  of  the  ubar  artery 

below  the  tuberosity  of  the  ulna  and  flivides  inimctiiately  into  its  two  tc  rminal  branches.  These  arc: 
(a)  The  dorsal  interosseous  artery  fFign.  ^58.  550.  anrJ  707),  which  pa?«ie?  nbovc  the  upper 
margin  of  the  interosseous  membrane  through  the  interosseous  space  to  reach  the  do^^al  surface 
of  the  forearm,  whope  it  gives  off  tbe  nUerosseout  recwrent  artery.  TUte  htter  vcsad  runs 
beneath  the  ancoueus,  gives  off  several  twigs  which  pierce  the  muscle,  and  enters  the  cubital 
articular  rete.  The  dorsal  interosseous  arti  n,  itself  passes  downwarri  between  the  supt  rficial 
and  the  deep  <;;Toi5pp  of  the  extensors  of  the  forearm,  ramifies  in  all  the  muscles  of  these  layeis, 
and  sends  terminal  branches  as  far  as  the  dorsal  carpal  rctc. 

(6)  The  volar  hOtnnstous  ariery  (Figs.  558,  559,  561,  and  707)  runs  downward  upon  the 
volar  surface  of  the  interosseous  membrane,  covered  by  the  flexor  digitorum  profundus  and  the 
flexor  {Kjllicis  longus.  It  supplies  the  overlyir.L^  muscles,  the  radius,  the  ulna,  and  gives  ofT 
branches  which  piercr  the  memltrane  and  su;ii)ly  the  deeper  extensor  muscles.  A  branch,  which 
is  usually  very  slender,  passes  to  the  nittliaii  nerve  and  pursues  a  markedly  tortuous  course  down- 
waid  upon  tbe  nerve  as  the  median  ariery.  This  vessel  is  not  in&equendy  large  enough  to  form 
a  thiid  arteiy  <rf  the  forearm.  The  volar  interosseous  artery  ramifies  m  the  pronator  quadratus 
and  also  sends  fine  branches  to  the  volar  carj)al  rete.  The  actual  termination  of  the  vessel, 
however,  pierces  the  interosseous  membrane  at  the  K  \el  of  tlu  [ironator  quadratus,  applies  itself 
closely  to  the  dorsal  surface  of  the  distal  extremiiy  of  the  membrane,  gives  off  muscular  twigs 
to  the  deep  extensors,  and  ends  in  the  dorsal  carpal  rete. 

During  its  course  in  the  forearm  the  ulnar  artery  gives  off  the  following  branches: 

3.  Muscular  branches  (Fig.  707),  which  are  numerous,  some  arising  even  in  the  cubital 
fossa,  and  which  ^^tipply  particularly  the  pronator  teres  and  the  flexor  carpi  iilnari';. 

4.  The  dorsal  carpal  branch  (Figs.  5O0  and  561)  arises  above  the  v.  risi-joint,  winds  aroimd 
the  idna  above  the  capitulum  to  reach  tbe  dorsal  surface  of  the  caqius,  aids  in  the  IbnnatMMi 
of  the  dorsal  carpal  rete,  and  gives  oS  the  ulnar  dorsal  digital  artery  of  the  little  finger. 

In  the  region  of  the  carpus  the  following  branches  arise  from  the  ulnar  arterj-: 

5.  The  volar  i  .irfui!  branch  ( Fiir.  563)  b  covered  by  the  tendons  of  the  flexor  digitorum 
profundus  and  goes  to  the  volar  carjKil  rete. 

6.  The  deep  volar  branch  (Figs.  562  and  563),  together  with  the  deep  volar  bnmcb  of  the 
ulnar  nerve,  passes  between  the  muscles  of  the  hypothenar  emuience  into  the  palm,  where  it 
takes  jjart  in  the  formation  of  the  deep  volar  arch. 

7.  1  he  actual  termination  of  the  ulnar  artety  forms  the  principal  portion  of  the  superfiiinl 
volar  arch  ^see  page  51). 
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THE  ARTICULAR  RETIA  OF  THE  UPPER  EXTREMITY. 

The  Acromial  Rete. — Thv  arromial  rric  (Fin;.  704)  is  sujicrficially  placed  between  the 
acromion  and  thv  libers  of  ihe  platysma  and  skin  of  ihc  shoulder,  and  is  practically  formed  by 
the  anastomoses  of  the  aoomial  branch  of  the  transverse  scapular  artery  from  the  subdairiaa 
with  the  acromial  branch  of  the  thoraco-ecromial  artery  from  the  axillary. 

The  Cubital  Articular  Rete. — The  cubital  articular  rete  (Figs.  558  and  559)  is  one  of 
the  largest  articular  networks  of  the  body.  It  i?  rompx)scd  of  a  superficial  network  situated  over 
the  humeral  cpicondyles,  the  posterior  surface  of  the  triceps  tendon,  and  the  olecranon  (olecranal 
rete),  and  of  a  deeper  one  situated  between  the  triceps  tendon  and  the  posterior  surface  of  Ae 
articular  capsule.  The  arterws  sending  branches  to  the  rete  arise  partly  proxinial  (o  the  joint 
and  take  a  distal  direction  to  reach  the  rete  and  partly  distal  to  the  joint  and  pursue  a  pro.\imal 
course.  The  pro.ximal  roots  of  the  cubital  rete  arc:  (i)  The  radial  and  middle  roUateral  nrtcrirs 
from  the  deep  brachial.  (2)  The  superior  and  injcrior  idnar  coUaleral  arteries  from  the  brachial. 
The  dbtal  roots  are:  (i)  The  radi^  feaarreut  artery  from  the  radial.  (2)  The  itUeimsams 
reatrrent  from  the  dorsal  interosseous.  (3)  The  rmtrraU  ulnor  arteries  from  the  ulnar.  Not 
only  are  the  distal  and  the  proximal  branches  of  the  same  side  connected  with  each  OtheCt  hut 
transverse  anastomoses  also  lake  place  bttwecn  the  radial  and  the  ulnar  branches. 

The  Volar  Carpal  Rete. — The  volar  carpal  rete  (Fig.  563)  is  a  small  network  situated 
deeply  in  the  carpal  canal,  in  immediate  contact  with  the  articubr  capsules  and  ligaments  <rf 
the  ^'olar  surface  of  the  carpal  bones.  The  vessels  entering  into  it  are  of  small  size  and  are  prac- 
tically  all  derived  from  the  proximal  side.  They  are:  (i)  Twigs  from  the  volar  terminal  branch 
of  ihv  volar  interossTOus  arten.'.  (2)  The  volar  carpal  branch  of  the  radial  artery,  f  ^'i  The 
vdar  carpal  branch,  of  the  uhiar  artcr)'.  From  the  distal  side  the  volar  carpal  rete  receives  small 
recumnt  twigs  from  die  deep  vdar  aidi. 

The  Dorsal  Carpal  Rate.— The  doosai  carpal  rete  (Figs.  560  and  561)  is  much  larger  than 
the  preceding.  It  is  partly  superficial,  between  the  dorsal  carpal  ligament  and  the  skin,  but 
the  frreater  jwrtion  is  deeply  situated  between  ihc  dorsal  surface  of  the  carpal  jotn;>  and  the 
tendons  of  the  e.\tensors.  The  following  arteries  and  twigs  enter  into  its  formation:  (i)  The 
iifrs^  itUenuseeia  artery  usually  ends  by  means  of  vny  small  Iwanches  which  pass  to  the  superfi- 
cial portion  of  the  rete.  (a)  Tlie  dorsal  terminal  branch  of  the  volar  mterosseous  artery  fnrms 
a  considerable  source  of  siQiply  to  the  deep  portions  of  the  network.  (3)  The  dorsal  carpal 
branch  of  the  ulnar  artcr}'  is  concerned  in  the  formation  of  the  ulnar  half  of  the  rete.  {4)  The 
largest  afferent  vessel  is  the  dorsal  carpal  branch  of  the  radial,  which  also  supplies  the  majority 
of  the  dorsal  arteries  of  the  hand  given     by  die  donal  carpal  rete  (see  page  46). 

Tm  Artbribs  of  the  Hand. 

The  arteries  of  the  hand  (Figs.  560  to  563,  and  71s)  are  not  distributed  equally  to  die  d<nsum 

and  to  the  palm,  the  latter  being  by  far  the  more  richly  supplied,  and  the  volar  arteries  also  nourish 
the  dorsal  surfaces  of  the  finger-ti])s.  The  volar  branches  of  the  radial  and  ulnar  arteries  form 
curved  anastomoses,  which  are  knowTi  as  the  superficial  and  deep  volar  arches,  the  former  being 
chiefly  supplied  by  the  ulnar  artery,  while  die  latter  is  practically  supplied  by  the  radial  fioth 
ni— 4 
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Fio.  560. — ^The  arteries  of  the  dorsum  of  the  hand  (su^ierticial  layer). 

The  UaoA  has  been  rL-movid. 
Fig.  561. — The  arteries  of  the  dorsal  surfaces  of  the  hand  and  of  the  lowrr  extremity  "f  the  fon  :irni. 
The  tendons  of  llic  extensors,  with  the  cxtcplion  of  those  of   the  aWu»t<'i  i  -  lliris  longus  .irnl  iMciiixLir  |M>llii,is 
JjTcvis,  have  bet  u  uiiiili  d  and  partly  remove<i.    The  greater  jxjrtion  of  the  dorsal  carpal  ligament  ha»  l>een  cut  ainiy< 
*  —  Twigs  of  a  volar  digital  artery.   **    Twig*  of  volar  digital  nerves  reflected  to  the  dorsal  surface.    +  »  EntrsDce 
of  niBal  artery  into  (be  palm. 

Flc.  562. — The  arteries  and  ner\'cs  of  the  palm  (middle  layer). 

The  palmar  aponeurosis  has  been  removed  and  the  abductor  poUicis  farcvis  divided  along  the  superhdal  volar 
bfucb  of  the  radial  artery.  *  =  AiiBstiiinoiis  betweeii  median  and  ulnar  itervea. 
Flc.  563. — The  arteries  and  ncn'cs  of  the  palm  (deep  layer). 

The  abductor  and  atxiuctor  poUicis  and  the  flexor  digiti  quinti  have  been  divided;  the  tendons  of  the  flexors,  the 
median  nerve,  the  superficial  volar  bcanch  of  the  ulnar  nerve,  and  the  superficial  volar  arch  have  been  removed. 


arches  give  off  arteries  which  coune  kog^tudinally  through  the  palm  to  the  lingers;  those  given 
off  fram  the  superficial  arch  are  termed  the  common  volar  digital  arteries,  wliilc  those  from  the 
deep  arrh  arc  rnllrd  tin-  volar  metacarpal  arleriea.  T!ic  (]or>al  arteries  are  known  as  the  iiors^ 
meUicarpal  arlrrit  s.  ami  arv  furnished  chiefly  by  the  dorsal  carpal  rviv. 

Each  finger  receives  four  arteries,  two  small  dorsal  digitals  and  two  larger  proper  volar  digitals^ 
the  dorsal  vessels  usually  arising  from  the  dozsal  metacarpal  arteries,  while  the  majority  of  the 
proper  volar  digital  arteries  are  derived  from  the  bifurcation  oi  tlu  common  volar  digital  arteries. 
In  the  radial  and  ulnar  margins  of  every  finpter  ihcrr  is  a  dorsal  and  a  volar  arter}'.  so  that  there 
is  botli  a  radial  and  an  idnnr  prnprr  vohr  tlsi^itai  artery  and  a  rmjinl  and  an  uiiMr  dorsal  dif^ilal 
artery  in  c.ith  digit,  i  he  dorsal  arteries  of  the  fingers  extend  only  to  the  proximal  eiul  of  the 
middle  phalanx,  the  distal  extremity  <rf  this  phalanx  and  the  tominal  phalanx  being  supplied 
by  the  volar  arteries. 

THE  ARTERIES  OF  THE  DORSUM  OF  THE  HAMD. 

The  arteries  oi  Uic  back  01  the  hand  (bigs.  560  ajiiJ  561)  are  tkrixcfl  almotit  entirely  ir«)m 
the  radial,  only  the  ulnar  border  of  the  dorsum  being  supplied  by  the  ulnar.  Passing  from 
the  radial  to  the  ulnar  side  the  following  arteries  should  be  noted : 

1.  The  radial  dorsal  digital  artery  of  the  thumb  from  the  radial  arten,'  (see  page  47). 

2.  The  ulnar  dorsal  digital  artery  of  the  thumb,  also  a  direct  branch  of  the  radial  (see 

page  47)-  * 

3.  The  radial  dorsal  digital  artery  of  Uie  index-finger,  which  is  also  an  immediate 
brandk  of  the  radial  (see  page  47). 

4.  The  second,  third,  and  fourth  dorsal  metacarpal  arteries  arise  indirci  tly  from  the 
dorsal  rarjial  branch  of  the  radial  through  the  dorsal  rar]ia!  rcto.  and  run  alonc^  the  dorsal  -i:rfai:es 
of  the  dorsal  interossci,  ramifying  in  these  muscles  and  in  the  immeciiate  vicinity.  They  receive 
the  perforating  branches  of  the  volar  metacarpal  arteries  and,  thus  reinforced,  each  vessel  divides 
near  the  head  of  the  ccHtesponding  metacarpal  bone  into  two  dorsal  digital  arteries,  thus  sup< 
plying— 

(a)  The  tdivir  dnr^al  dii^ila!  artrrv  cj  !hr  im!<  x  dif^if. 

(b)  The  radial  dorsal  dtgttal  artery  oj  the  third  digit. 
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(f)  The  ulnar  dorsal  dif^iiol  artery  oj  the  third  distil. 
(rf)  The  radial  dorsal  digital  arlrry  nj  the  jotirlli  digil. 
(e)  The  ulnar  dorsal  digital  urury  oj  the  jourlh  digit. 
{})  The  radiid  dorsal  dipUU  artery  of  the  fijih  digit. 

5.  The  wUuir  4on«I  digital  srtary  at  Htf  flf Ui  digit  is  the  tenninatioii  of  the  doisal 
catpal  branch  of  the  ulnar  arteiy  (see  page  48). 

THE  ARTERIES  OF  THE  PAUL 

The  arteries  of  the  palm  (Figy>.  563,  563,  and  712)  arise  from  the  two  pahnar  aidies,  foimed 
by  the  anastomoses  of  the  radial  and  uhiar  arteries.  Both  arches  are  distally  convex,  the  si^r- 
fidal  aidi  bang  the  mote  dtstali  the  deep  the  more  proximal;  both  arches  are  in  the  metacarpal 

r^ion. 

The  Superfici&l  Volar  Arch. —  The  superficial  volar  arch  (Fig.  562)  is  situated  immediately 
beneath  the  palmar  aponeurosis,  between  this  structure  and  the  synovial  sheaths  of  the  tendons 
of  ^  Bexar  digiKmmi  subUmis  and  profundus.  The  arch  b  convex  bmard  the  fingers,  concave 

toward  the  carpus,  and  is  situated  at  about  the  middle  of  the  palm,  the  greatest  convexity  being 
alioiit  2  cm.  from  the  di<tal  borfkr  of  the  transverse  rarf>al  hgament.  It  is  formed  by  the  anasto 
mosis  of  the  terminal  branch  oi  the  ulnar  artcr)-  with  the  superficial  volar  branch  of  the  radial. 
The  ulnar  extremity  of  the  arch  is  twice  aa  thick  as  the  radial,  indicating  that  the  arch  is  chiefly 
(occasionally  wholly)  supplied  by  tlw  ulnar  axtiny.  In  addition  to  small  branches  to  the  vkim^, 
to  the  ball  of  the  thumb,  to  the  lumbncale.'^,  and  ctmnecting  twigs  tothebraiudiesof  theprinceps 
pollici^,  fill-  '•uperfici.al  \  f)l;ir  anh  ^Wt»^  off: 

I.  I  lie  .>econd,  third,  and  fourth  common  volar  digital  arteries  (Figs.  562  and  723)  are  of 
large  si/.c,  covered  by  the  palmar  aponetuosis,  and,  together  with  the  common  volar  digital  nerves 
from  the  median,  pass  to  the  region  of  the  heads  of  the  metacarpal  bones,  where  each  vessel 
divides  into  a  radial  and  an  ulttar  proper  digital  volar  artery  for  the  contiguous  margins  of  the 
fmgcr«.  The  ui  (li\i-ion  di-tal  'o  the  transverse  fasciculi  of  the  palmar  aponcuro^^is,  so 
that  the  aricric^  aic  liere  visible  in  the  spaces  bttwitn  the  slips  of  the  palmar  aiwneurosis  and 
covered  only  by  fatty  tissue. 

3.  The  ulpar  v^ar  dtgUai  artery  0/  ike  fifth  digit  frequently  arises  in  common  with  the  deep 
volar  branch  (see  page  48),  and  i)a.sses  to  the  ulnar  bottler  of  the  little  finger. 

The  Deep  Volar  Arch.  —The  deep  volar  arch  (Fig.  563)  is  formal  by  the  junt  tion  of  the 
terminal  portion  of  the  radial  arter}'  with  the  deep  volar  branch  of  the  ulnar  artery.  In  con- 
trast to  the  superficial  arch,  its  radial  extremity  is  much  thicker  than  the  ubiar,  the  deep  arch 
being  supplied  chiefly  by  the  radkJ  arteiy.  It  is  not  so  sharply  curved  as  the  superficial  arch, 
but  is  somewhat  hmgcr  and  distally  convex,  and  it  is  also  more  proximal,  being  situated  upon 
the  volar  interos.sci  and  rovcrcd  by  the  adductor  pollicis  and  ihe  synovial  sheaths  of  the  fle.xor 
tendons.  In  addition  to  small  branches  to  the  neighboring  muscles  and  joints  and  recurrent 
branches  to  the  volar  carpal  rete,  the  deep  volar  arch  gives  off  the  first,  second,  third,  and  fourth 
volar  melaearpai  arteries.  The  two  radial  (the  first  and  the  second)  arteries  are  ustuUy  larger 
than  the  two  ulnar  vessels.  The  first  (the  radialis  indicis)  runs  o\-er  the  volar  surface  of  the 
first  dorsal  interosseous  muscle  to  the  radial  margin  of  the  index-finger,  supplying  the  muscle 
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and  nnastomostnc:  with  (wig??  of  the  prinrrp*  ]>ollIcis.  T!ic  other  three  run  dtstally  tqwn  the 
vokr  surfaces  of  the  volar  interossei,  in  which  they  ramiiy,  and  reinforce  the  common  volar  digital 
arteries  in  tf»  nei^bocliood  of  the  heads  of  the  metacarpal  bones.  They  are  also  connected 
with  the  dorsal  metacaxpal  arteries  by  means  of  perforoi^  branches  which  pass  through  the 
interosseous  spaces  just  ui  front  of  the  bases  of  the  metacaipal  bones. 

The  distribution  of  the  arteries  of  the  hand  as  above  described  may  Vw  regarded  as  tlic  normal,  although  it  occun 
in  enctly  this  manner  in  srarrcly  one-half  of  all  rases,  anomalies  of  vaiyipg  degree  ticing  usually  present.  U  a  large 
mcdbn  artery  extends  tnf>  the  palm  It  takes  an  Imporunt  part  tn  th«  fomation  of  the  su|RTfidal  volar  arcli.   On  the 

•  ilhiT  li.it'.it.  if  ihc  sui't  rfu  i.i'.  vnl.ir  br.irii  h  of  the  radial  nrtcrv  W-  absent,  t!if  Nupi  rln,  ial  ar.  ti   m.iy  Ik-  ]>r«>:lv 

developed  ur  even  entirely-  alMcat,  the  common  volar  digital  arteries  then  being  the  simple  terminal  branches  of  the  ulnar 
ntcrjr.  Tke  deep  arch  is  more  nwely  incomfiletes.  Of  apedat  frequency  are  sBglit  variatiims  in  the  oi%in  and  distribu- 
tion of  the  radial  and  ulnar  marginal  arteries,  especially  the  prinreps  polliris,  which  may  teen  to  be  nUier  a  fint  COOinoa 
volar  digital  artery  or  may  be  largely  replaced  by  the  first  volar  metacarpal  artery. 

THE  THORACIC  PORTION  OF  THE  DESCENDING  AORTA.  THE  THORAOC  AORTA. 

The  thoracic  aorta  (Figs.  368,  36<),  538,  ;inii  726  )  i  ornmences  at  the  termination  of  the  aortic 
arch  at  the  level  of  the  body  of  the  fourth  thoracic  wrtcljra.  ;ind  extend''  downward  to  the  U\ rl 
of  the  twelfth  thoracic  vertebra,  where  it  pa.sses  through  the  aortic  ojxning  to  become  tiie 
abdominal  aorta.  It  lies  at  first  to  the  left  of  the  bodies  of  the  vertebra;,  but  it  is  soon  crossed 
by  the  oesophagus  at  an  acute  angte  (see  Vol.  IT,  page  44)  and  approaches  the  median  line,  so  that 
in  the  lower  thoracic  region  it  is  situated  ujxjn  the  anterior  surface  of  the  vertebral  bodies  just 
to  the  left  of  the  molian  line,  and  it  piercer  tlic  dLiphragm  in  this  location.  Since  it  pierces  the 
diapliragm  oblicjueiy  there  is  more  of  its  [wslerior  liian  of  its  anterior  wall  in  the  thoracic  caviJy, 

Throughout  its  entire  length  the  thoracic  aorta  is  situate<l  in  the  posterior  mediastinal  cavity, 
dose  to  the  left  posterior  mediastinal  lamina,  which  is  bulged  forward  by  the  aorta.  The  cesoph- 
a<;u>  is  at  fiist  tO  the  right,  then  in  front,  and  Hnally  to  the  left,  and  the  thoracic  duct  is  to  the 
right  above,  while  lower  rlown  ii  is  behind.  The  uppermost  portion  of  thi-  tlioracic  aorta  is 
behind  the  root  of  the  left  lung;  to  the  right  and  in  fairly  close  pro.vimity  is  the  vena  azygos,  and 
anteriorly  is  the  jXTieardium. 

In  contrast  to  the  aortic  arch  the  thoracic  aorta  gives  off  only  relatively  small  branches. 
The  visceral  branches  to  the  thoracic  organs  are  quite  insignificant  and  very  varial)1e;  of  the 
parietal  branc  Ik  >  the  intercostal  arteries,  which  are  arranged  in  pairs,  are  by  far  the  largest 
and  most  important. 

Tm  VBCBRAL  SRAMCHBS. 

I.  The  right  and  lejl  bronchial  arteries  (Fig.  538)  are  rather  variable  as  to  their  origins. 
They  may  arise  from  llu'  c  oncavity  of  the  aortic  arch,  from  the  first  portion  of  the  thoracic  aorta, 
or  from  one  of  the  upj>er  (the  third  or  the  fourth)  intercostal  arteries  coming  from  the  aorta. 
The  last-named  origin  is  of  frequent  occurrence,  particularly  upon  the  right  side.  The  bron- 
chial arteries  run  along  the  posterior  walls  of  the  brondii,  which  they  accompany  to  the'root  of 
the  lung,  and  ramify  i  the  lung  along  tlie  bronchial  rami.  They  also  send  smalt  twigps 
to  the  rpsophaf^u^.  to  the  pleura,  and  to  the  pericardium. 

i.  The  oesophageal  arteries  (Fig.  53S)  are  from  three  to  live  small  branches,  which  arise 
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at  different  kvek  from  the  thoracic  aorta  and  supply  the  entire  length  of  the  thoracic  portion  of 

the  crsophapi?. 

3.  I  he  pericardiac  branches  pass  to  the  f>cricardium;  only  a  few  arise  from  the  thoracic  aorta, 
the  majority  coining  from  the  two  preceding  groups  of  arteries, 

THE  PARIETAL  HRANCHBS. 

1.  The  mediastinal  branches  arc  ?mall  but  numerous,  and  supply  thv  vessels,  tho  ncnT<;, 
the  Ivmphalic  no<le?,  and  ihc  '.vails  of  tlu-  [ lO'^icrior  mcdiastinutn.  Some  of  ihcin  arix.-  dircclly 
from  llic  aurta,  but  liie  majority  tome  from  the  tesopliagcal  and  the  intercostal  arteries.  Sonic 
of  the  lower  mediastinal  branches  supply  the  upper  surface  of  the  lumbar  portioQ  of  the  diaphragm 
and  are  known  as  the  superior  phrenic  arleries. 

2.  The  Intercostal  Arteries  (Fit;s.  53S  and  587".  -TIk'  ;horaric  aorta  usually  i^ivt.'-  rise 
to  ten  f^rrir^  of  iht'sc  ves'^pl^.  tlu'  third  to  the  twelfth  right  and  kfi  intercostal  arteries,  the  up|x-r 
two  ongmaung  irom  the  subclavian  (^see  page  40).  The  arteries  arise  from  the  posterior  surface 
<A  the  aorta,  eadi  close  to  its  fellow  of  the  opposite  side,  and  correspond  to  the  intercostal  spaces, 
in  whidi  they  run,  except  the  twelfth,  which  runs  along  the  lover  border  of  the  last  rib.  The  upper 
intercostal  arteries  arc  the  smallest .  the  lower  ones  the  Inrcrest.  The  third  and  fourth  occasionaliy 
arise  1<\  a  common  trunk,  in  which  case  the  aorta  gives  o(T  but  nine  pairs  of  vessels. 

The  intercostal  arteries  supply  the  thoracic  wall,  the  upper  alxlominal  wall,  and  parts  of 
the  back.  The  left  and  the  ri^t  arteries  are  of  unequal  length  and  differ  somewhat  in  the  first 
portions  <tf  their  course,  since  the  thoracic  aorta  is  situated  to  the  left  side  of  the  vertebral  colimin. 
The  left  intercostals  run  almost  horizontally  on  the  left  surfaces  of  the  vertebral  ]<o<iie>  to  reach 
the  heads  of  the  ribs;  the  right  arteries,  esf>criaHy  the  u])per  ones,  pa«,s  at  first  ratlu  r  sharply 
upward,  cross  tiie  anterior  surface  of  the  vertebral  bodies  oblicjuely,  an(i  do  not  run  horizontally 
until  they  reach  the  right  surfaces  of  the  vertdMnl  bodies.  In  front  of  the  right  intennstal  arteries 
arc  the  thoracic  duct,  the  vena  azygos,  the  oesophagus,  and  the  sympathetic  trunk;  in  front  of  the 
left,  only  the  vena  hemi  azygos  and  the  left  sympcithctic. 

Beyond  the  heads  of  the  ribs  the  rottrsp  of  the  arteries  1?  exactly  the  same  ujwn  both  sides. 
At  the  lower  margin  of  the  head  of  the  rib  each  tiivides  into  a  small  posterior  branch  and  a  larger 
anttriot  hranck^  the  latter  being  the  d&ec^  conthiuation  of  the  trunk  and,  from  its  course,  the 
actual  intercostal  artery. 

fa)  The  posterior  branch  passes  backward  between  the  ncrk  r^f  the  rib  and  the  transverse 
process  of  the  thoracir  vertebra,  sends  a  spina!  branrh  through  the  inten  ertebral  foramen  into 
the  vertebral  canal  to  the  spinal  cord,  to  the  dura  mater,  and  to  the  vertebra  itself,  supplies  the 
deeper  layers  of  the  muscles  of  the  back  with  muscular  brimckeSf  and  the  integument  of  the  back 
with  inkfwA  and  extermd  dorsad  cutaneous  brauehes, 

(b)  The  anterior  hrandi  (Fig.  53^":,  th(^  actual  intercostal  aner}',  runs  in  the  middle  of  the 
intercostal  space  in  front  of  the  external  interco-tal  muscles  to  the  vicinity  of  the  ansjle  of  the 
rib.  Beyond  this  point  it  runs  in  the  costal  groove  on  the  lower  border  of  the  rib,  between  the 
external  and  the  internal  intercostal  muscles,  and  gives  off  a  parallel  branch  to  the  upper  border 
of  the  next  lower  rib,  so  that  there  b  an  artery  upon  the  upper  and  the  lower  border  cS.  evexy  rib, 
the  vessel  at  the  lower  border,  however,  being  much  the  larger.  Muscular  branches  are  given 
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oiT  l>y  both  v(  ss(  !>,  (  ial!y  by  the  larger  up|x;r  one,  passing  to  the  intercostal  muscles  and  to 
the  diaphragm,  and,  from  the  lower  intercostal  arteries,  to  the  abdominal  muscles  and  the  lower 
portion  of  the  pcctoralis  major. 

The  intercostal  arteries  also  give  off  two  series  of  cutaneous  branches — ^the  lateral  and  the 
anteriw.  The  lateral  cutaneous  branches  pierce  the  external  intercostal  musdes  in  the  hktcnl 
portion  of  the  thorac  u  wall  and  reach  the  skin  between  the  digilations  of  the  scrratus  nntrrior. 
According  to  thr  kvt'l  at  which  they  makr  their  exits  they  are  subdivided  into  the  perioral  and 
abdominal  lateral  cuiatuous  branches,  and,  in  corres.|)ondcncc  with  the  accompanying  branches 
of  the  intercostal  nerves,  they  divide  into  a  posterior  branch  for  the  dorsal  integument  and  an 
atUerior  hraneh  for  skin  of  the  chest.  The  anterior  branches  of  the  third  to  the  fifth  or  sixth 
lateral  mlaneous  arteries  !;i\  c'  off  lateral  mammary  hraiu  lies  to  the  mnrnmnn'  gland. 

Thf  n^Uirinr  culaurous  hranrhes  pass  through  the  anterior  [lortion';  of  the  intert  oslal  spaces, 
perforaung  liic  external  intercoslal  muscles  and  the  sternocostal  portion  of  the  jK-cloralis  major 
medial  to  the  nipple,  and  are  similarly  subdivided  according  to  the  level  of  their  exits  into  the 
pectoral  and  the  abdominal  anierior  cutaneous  branches.  The  former  give  off  the  medial  mammary 
brnnrhes  tn  the  mamiuaiy  gland;  they  are  small  and  inconstant  and  are  usually  absent  above 
and  below. 

The  anterior  extremities  of  the  anterior  branches  of  the  intercostal  arteries  anastomose: 
with  the  intercostal  branches  of  the  internal  nuuaunaxy  artery,  and  the  lower  ones  also  with  the 
lumbar  arteries. 


The  abdominal  aorla  (Figs.  413  and  716)  commences  at  the  termination  of  the  thoracic 
aorta  at  the  aortle  opening  in  the  diriphrai^ni  in  front  of  the  twelfth  thoracic  vertebra,  and  extends 
downward  to  the  lower  margin  of  the  fourth  lumbar  vertebra.  In  this  situation  it  divides  into 
the  two  common  iliac  arteries  and  gives  origin  to  a  third,  but  much  smaller  vessel,  the  middle 
sacral  art^,  which  passes  downwaid  over  the  anterior  surface  of  the  fifth  lumbar  vertebra 
and  of  the  sac  rum,  and  represents  the  actual  continuation  of  the  trunk. 

The  abdominal  aorta  lies  upon  the  anterior  surfaces  of  the  hofh'es  of  the  four  upper  lumbar 
vertebra:,  somewliat  to  the  left  of  the  median  line,  but  nevertheless  almost  median.  Jt  i.s  retro- 
peritoneal  and  behind ihc^omach,  the  pancreas,  the  inferior  portnMi  of  the  duodcnimi,  and  a 


portion  of  the  root  of  the  mesentery.   To  tlie  right  side  is  situated  the  inferior  vena  cava,  whidi 

in  its  upi>er  part,  however,  is  not  in  immediate  contact  with  the  aorta.  Since  large  vascular 
tninl^:s  fr.r  the  .tVxiominal  viscera  originate  from  the  abdominal  aorta,  it  rapidly  diminishes  in 
caliber,  especially  in  its  upper  third. 

The  branches  of  the  abdominal  amrta  may  be  divided  into  the  visceral  brmekn  and  the  pari- 
etd  hnmchtSy  the  former  being  by  far  the  larger.  The  majority  of  the  branches  arise  frmn  the 
U|>per  third  of  the  aorta,  some  arising  from  its  commencement.  The  largest  visceral  branch, 
(he  c(tliac  arterj'j  as  well  as  two  small  parietal  branches,  the  inferior  phrenic  arteries,  ar5^c~at 
TlieTevel  of  the  twelfth  thoracic  vertebra;  scarcely  more  than  1  cm.  below  these  vessels  arises 
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the-  ni'xi  to  the  largest  visc  tral  hr:\nrh.  the  superior  mesenteric  artery,  and  at  al)Out  tlie  same 
level  are  given  olT  two  pariclai  urantlics,  the  lirst  pair  of  lumbar  arteries,  and  lower  down  the 
iCTMining  pairs,  four  in  all,  which  arise  lOce  the  intercostal  arteries  from  the  posterbr  surface  of 
the  aofta,  one  pair  at  the  level  of  each  of  the  four  upper  lumbar  vertebne.  Below  the  superior 
mesenteric  ar1cr\-  arc  the  renal  arteries,  above  them  the  middle  su])rarenal  arteTie>.  and  at  the 
level  of  the  -eiond  lumbar  vertebra  the  interna!  spermatir  arteries.  Below  this  \KVmi  no  vessel 
of  considerable  size  is  givirn  off  until  the  inferior  mesenteric  artery  is  reached,  this  taking  origin 
at  the  disc  between  the  third  and  the  fourth  lumbar  vertebne.  The  fourth  pair  of  lumbar  arteries 
arise  beknv  th»  point. 


The  visceral  branches  of  the  abdominal  aorta  (Figs.  564  to  567  and  598)  consist  of  three 
large  unpaired  trvnks  for  the  unpaired  abdominal  <»gans  (the  intestinal  canal,  the  liver,  the 
pancreasi,  and  the  spleen),  and  of  three  pairs  of  arteries  for  the  paired  abdomhial  tngans  (the 
kidneys,  the  suprarenal  bodfes,  and  the  sexual  glands). 


I.  The  ccgliac  artery  i,Figs.  564  and  565)  is  a  ^hort  thick  trunk,  a  trifle  over  r  cm.  in 
length,  which  arises  in  the  aortic  opening  from  the  anterior  surface  of  the  aorta,  passes  anteriorly 
at  almost  a  right  angle,  and  divides  into  it.^  three  terminal  branches  ithe  eoeliac  tripod  of  Haller). 
It^is  situatc<l  behind  the  jesser  omentum  to  the  nVht  nf  the  rarrlia  anfl  is  distributed  to  the 
un|>aired  abdominal  organs  located,  a!>o\  e  ihe  transverse  mesocolon,  namely,  to  the  stomacTi,  the 

Itppcr  portion  bif  tnedu(xltnum,  the  liver,  the  spleen  and  the  pancreas,  and  to  the  great  omentum. 

"IBs  trancHcs  are: 

I.  The  left  gastric  artery,  the  smallest  branch,  asc.  ntls  in  ihegastropanrreatic  fold  (see  Vol. 
TI.,  jtasje  So)  toward  the  les^^er  ciir\ature  of  the  stomach  and  takes  up  its  position  upon  the  right 
side  of  the  cardia,  giving  olT  small  tesophageal  branches  to  the  abdominal  portion  of  the  oesophagus, 
which  anastomose  with  branches  of  the  inferior  phrmic  artery  and  also  supply  the  cardia.  The 
artery  then  passes  from  the  cardia  to  the  lesser  curvature  of  the  stomach,  along  which  it  pursues 
a  sh'^htly  tortnon?  course  towani  the  [jylonis.  In  this  situation  it  gives  off  numerous  liranches 
to  the  anterior  and  the  posterior  walls  of  the  stomach  and  to  the  lesser  omentum,  and  anasto- 
moses in  the  pyloric  region  with  tlie  right  gastric  artery  from  the  hepatic  arteiy. 

n.  The  hepatic  artery  (Figs,  564  and  565)  is  a  thick  trunk,  which  is  destined  not  only 
for  thcliyerbut  also  for  the  right  half  of  the  stomach  and  omentum,  the  upper  portion  of  the 
duodenum,  and  the  head  of  the  pancreas.  It  runs  almost  transversely  in  front  of  the  lumbar 
}x)rtion  of  the  diaphragm  {ind  the  inferior  vena  cava  and  Ixrhind  the  lesser  cur\  ature  of  the  stom- 
ach. Behind  the  pylorus  it  is  in  relation  with  the  portal  vein  and  the  common  bile^luct,  the 
artery  lieing  in  front  and  to  the  left  oi  the  vein,  and  in  this  situation  it  subdivides  into  its  terminal 
branches : 

I.  The  proper  hepaik  artery  (Fip;^.  ^f>o,  and  564)  pa^^e^  in  i!ie  hepatoduodenal  liga- 
meol  with  the  portal  vein  and  the  common  bile-duct  to  the  transverse  lissurc  of  llie  liver,  which 
it  enters  after  dividing  into  a  /«//  hfonch  and  a  right  hranck.  The  iatter  previously  gives  off 
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Fio.  564. — The  blood-vessels  of  the  stomach  and  liver. 
The  Icfl  atwi  part  of  the  right  lobe  of  the  livcr  have  been  drawn  upward,  the  origin  of  the  cccliac  artery  exposed, 
and  (he  anicTwr  Uimna  cif  the  fjKtt  omentum  <Uvided  at  tbe  pntcr  curvmtiue  of  the  alomach.  *    Cut  edges  of  pMt 
omentum. 

Fig.  $6$. — ^The  branches  of  the  eoeiliBC  artery  and  the  origitt  of  the  portal  vtin. 

Disscrtion  as  in  Hg.  564.    After  division  of  the  anterior  hfnin  i  i.f  ilu-  LTr.ai  1  ivicntum  the  --liiiiun  li  }i.is    i  n  drawn, 
upward,  so  that  its  posterior  surface  looks  forward,  and  tbe  panrreas  has  been  divided  along  llie  su}>eriur  mesenteric  t»- 
<cb.   *    Cut  oiugioaf  thefHtiocnticl^sanientattliefrcatercvnnitiiKof  thee^^ 
of  tbe  duodenum.   **  —  Ctit  margin  of  the  lesser  omentum  at  the  lemer  curvature  of  the  Slomadi. 


the  eystk  artery  which  pursues  a  tortuous  course  along  the  cystic  duct  to  reach  the  gall- 
bladder. 

2.  The  right  <^tislri(  ipyfon'i)  arlrry  \  V\<^.  564),  the  5inall(?>t  branch  of  ihc  h(--j)atTr,  i>  fre- 
quently given  otY  from  the  j^rojxT  lu)>atit  arliry.  Tt  takes  n  recurrent  course  to  the  jnlorus, 
which  it  supplies,  and  anastomoses  in  the  pyloric  region  with  the  lerminal  branches  of  the  much 
larger  left  gustrkr  artery. 

3.  The  gastroduedetud  artery  (Figs.  564  and  565)  runs  almost  vertically  downward  behind 
the  pylorus,  upon  the  posterior  surface  of  which  it  raniifies,  and  divides  into  two  terminal  branches. 

(a)  The  right  gastro-epipioic  arlcry  (Figs.  504  and  565),  the  larger  terminal,  gives  olT  small 
branche^i  to  the  head  of  the  pancreas  and  lo  the  superior  portion  of  the  duodenum,  passes  to  the 
greater  curvature  of  the  stomach,  and  runs  toward  the  left  in  a  markedly  tortuous  manner,  par- 
allel with  ihe  greater  cun-ature  and  between  the  two  layers  of  the  great  omenium.  to  anastomose 
with  the  left  gaslro-epiploic  braneli  of  the  splenic  artcnr*.  In  it"=  rour^^c  it  jji\  es  oft  tirar.i  lu  s  to 
the  anterior  and  posterior  walls  of  the  stomach,  as  well  as  a  number  ^about  seven)  of  descending 
branches  to  the  great  omentum,  the  epiploic  arteries, 

(b)  The  superior  pancreaiicodtiodeHal  artery  (Fig.  565)  curves  downward  over  the  concave 
side  of  the  superior  and  descending  portions  of  the  duodenum,  giving  off  duodaial  hratKkes  to 
these  parts  and  pam-rr  nti,  h-'inrJir';  to  the  head  of  the  pancreas. 

III.  The  splenic  artery  (Figs.  393,  564,  and  565)  runs  from  its  origin  at  the  cocliac  triixxl 
almost  hori^ontalIy,  but  in  a  very  tortuous  manner,  toward  the  left,  being  situated  along  the 
upper  border  of  the  pancreas,  bditnd  the  stomach,  and  in  front  of  the  lumbar  portioi\  of  tbe 
diaphragm.  In  its  course  the  artcr)-  gives  oST  numerous  small  panrrcalic  brancties  to  the  body 
and  tail  of  the  pancreas,  and  divides  in  front  of  the  hilus  of  the  spleen  in  the  gastrosplenic  liga- 
ment into  its  terminal  branches: 

1.  The  Icji  gaslro-epiploic  artery  (Figs.  564  and  565)  goes  to  the  greater  curvature  of  the 
Stomach,  runs  in  a  tortuous  manner  from  left  to  right  between  the  layers  of  the  great  omentum, 
anti  forms  an  arched  anastomosis  mth  the  ri^t  gastro-epiploic  artery.  Like  the  latter  vessel, 
it  supplier  l)oth  walls  of  the  stomach  and  the  great  omentum. 

2.  The  short  gastric  arlcrii^  (Fig.  565)  arc  four  or  five  vessels  of  fair  size,  which  pass  to 
the  ftmdos  of  the  stomach,  where  th^  anastomose  with  (he  branches  of  the  left  gastric  md  bft 
gastro-epiploic  arteries. 

v  The  splenic  bra$tckes  (Figs.  393,  397,  and  565),  the  actual  terminals,  enter  the  spleen 
through  the  hilus. 

IV.  The  superior  mesenteric  artery  (Figs.  393,  413,  565,  560,  and  716)  is  somewhat 
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^mallfr  in  calilxr  than  the  crliac  arlrrv*,  })Ut  like  that  vc^^cl  arises  from  the  anterior  surface  of 
the  aorta.  It  runs  dow-nward  behind  the  head  of  the  pancreas,  which  separates  it  from  the  caliac 
arter}-,  passes  in  front  of  the  inferior  portion  of  the  duodenum,  and  enters  the  nwt  of  the  tneseatcry, 
in  which  it  pursues  a  curved  course,  the  coavexity  of  which  &  directed  forward  and  to  the  left. 
From  this  conve\it\  arc  <{iv  en  o'T  the  intestinal  arteries,  while  from  the  concavity  arise  the  branches 
for  the  c:ecum  and  for  the  ascending  and  transverse  colons.  The  commencement  of  the  arter\' 
also  gives  off  twigs  to  the  pancreas  and  to  the  inferior  portion  of  the  duodenum,  and  throughout 
its  curved  course  tiie  diminution  of  its  caliber  is  constant  and  marked.  Its  branches  are: 

r.  The  inferior  femereaHeoiuodemA  artery  (Figs.  565  to  567)  arises  at  the  upper  border  <rf 
the  pancreas  and  passt^  beliind  the  head  of  that  organ,  which  it  supplies,  to  reach  the  inferior 
portion  of  the  duodenum.  It  then  passes  upward  along  the  concave  border  of  the  inferior  and 
descending  portions  of  the  duodenum,  to  which  it  gives  branches,  and  forms  an  arch-like 
anastomosis  with  the  superior  pancieaticoduodeoal  artery. 

2.  The  iulesUmi  arteries  (Figs.  566  md  567)  are  rather  large  trunks,  usually  ten  to  fifteen 
in  number,  which  arise  from  the  entire  length  of  the  convexity  of  the  superior  mesenteric  fcon- 
ser]uently  from  its  left  side).  The  Tinner  ones  supply  the  jejunum  as  the  jejunal  arteries,  while  * 
the  lower  nourish  the  ileum  as  the  Heal  arteries,  the  lowermost  of  which  arise  from  the  termina- 
tion of  the  supenor  mesenteric  Soon  after  its  cnigin  each  intestinal  arteiy  divides  into  two 
diverging  branches,  which  anastomose  in  the  mesentery  with  the  corresponding  Uanchcs  of 
the  neighboring  arteries,  so  that  a  series  of  an  hes  is  produced.  These  arches  give  off  smaller 
arterial  branches,  which  act  in  a  similar  manner,  and  this  condition  repeats  itself  until  there 
are  three  or  four  irregular  arched  anastomoses  in  the  mesenier)',  the  last  of  which  is  situated  close 

to  the  mesenteric  attachment.  From  this  last  series  of  arches  are  given  off  the  twigs  for  the 
wall  of  the  small  intestine.  The  terminal  ramifications  of  the  superior  mesenteric  artery  anas^ 
toniose  with  the  lowermost  inte>tinal  axteiy,  and  also  with  the  left  branch  of  the  ileocolic  artery, 
at  the  lower  extremity  of  the  ileum. 

3.  The  middle  colic  artery  ^Figs.  566  and  507)  arises  opjjo>iic  ilic  up[XT  intestinal  arteries 
from  the  concave  side  of  the  upper  portion  of  the  su]x;rior  mesentoic,  and  nms  in  the  ri^t  portion 
of  the  transverse  mesocolon  to  the  region  of  the  right  colic  flexure,  where  it  divides  into  a  long 
superior  branch  and  a  smaller  dcscendins:  branch.  The  lon».'  suj)erior  branch  passes  to  the 
kit  along  the  mesenteric  attachment  of  the  transverse  colon  am!  forms  an  arched  ana=^tomosis* 
with  the  left  colic  artcT)'  from  the  inferior  mesenteric;  llie  smaller  descending  branch  passes 
downward  and  to  the  ri^t  behind  the  ascending  mesocdon  to  the  ascending  colon,  at  the  inner 
side  of  which  it  anastomoses  with  the  ascending  branch  of  the  right  colic  arter)'. 

4.  The  ri^lit  folic  nrtrry  (Fig.  566I  ari-<-^  at  about  the  middle  of  the  superior  mesenteric 
from  the  left  concave  side  of  the  arch,  passes  almost  horizontally  to  the  right  behind  the  ascending 
mesocolon,  and  divides  into  an  ascending  and  a  descending  brancJi.  At  the  upper  portion  of 
the  ascending  cokm  the  ascending  branch  anastomoses  with  the  middle  colic  artery;  at  the  upper 
portion  of  the  cecum  the  descending  brandi  anastomoses  with  the  ileocolic  artery. 

*  The  arterie*  for  the  ccddii,  in  cwitfsit  to  thoae  far  the  mull  ioleRine,  form  wAy  a  ringle  typical  but  large 

arte-ial  arrh  in  tlic  vicinity  of  the  intestinal  tut)c  and  from  ttii<  .srrti  .ire  given  off  ttic  arlcrirs  for  ihi-  inlt!.tiiiai  walL 
These  aneries,  however,  arc  connected  by  a  number  uf  irregular  anastumuscs  iMrfttfc  they  enter  the  wall  of  thv  colon. 
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Fu..  566. — The  superior  mcsentcrk-  artery  and  vein. 
The  Irancvene  colon  with  ih«  great  omentum  has  been  thrown  upward,  the  intt-stinal  coils  displaced  to  the  left, 
and  tlw  laoeiidiqg  meaDcolon,  part  of  the  trawavcrtc  roeaocolon,  t,nA  the  right  layer  of  themeieiitery  icmowd.  *«*Cvt 
iDMIgiii  of  tnuttWfo  nic<oc<Jott» 

Flo.  567. —  The  inferior  mc^nteric  artery  and  vein. 
DlMection  as  in  Fig.  ^i>t>.    The  intestinal  colli  haw  been  diqilaced  lo  the  right  and  (he  branches  of  the  inferior 
mettnteric  vcaada  ahown  by  removing  parts  of  thepancwai  and  tnxamm  meioooloo.   *  =r  Aortic  bifurcation.  *<*»Cut 
maigpn  of  tramwne  meaoookm.    -l-  Piamoatary  of  Mcruia.  •  +  Inferior  paacraatkodvodieBal  artery  (the  bnuwlica 
pming  to  the  pancreaa  have  be«n  cat  away). 

__.  ^  ^  

5.  The  ikp^aUc  itrkry  (Fig.  566)  arises  from  the  lower  third  of  the  left  or  concave  side  of  the 
superior  mesenteric  arter}%  and  passes  downward  and  to  the  right  behind  the  ascending  mesocolon 
to  reach  the  ilcocacal  region,  where  it  diM'dc-^  into  two  branches.  Tlie  upper  and  larger  branch 
pupphVs  the  ca'cuni  and  ana-jfomo^^es  \vith  the  right  colic  artery,  while  the  lower  ami  smaller 
branch  passes  to  the  terminal  portion  of  the  ileum,  where  it  anastomoses  with  the  ttrniiiiai  ra.nii- 
feations  of  the  tnmk  of  the  superior  mesenteric  artery. 

V.  The  inferior  meaenteric  arttiy  (Figs.  413.  567,  568,  and  716)  arises  from  the  left 
side  of  the  anterior  ^.urfare  of  the  aorta,  about  midway  between  the  orii^in  of  llie  siiperif)r  mescn- 
lerii  artery  an.l  tin  aortic  Infurcation.  It  runs  downward  and  to  Ulc  left  behind  the  desccndinj{ 
mesocolon,  and  gives  oil  the  following  branches: 

1.  The  le}t  cdic  artery  (Ftg.  567)  divides  behind  the  descending  mesocolm  into  an  ascending 
branch  and  one  or  more  descending  branches.  The  ascending  branch  anastomoses  at  the  tmns- 
verse  eolon  witli  the  middle  colic  arten*-  from  the  sui)erior  mesenteric;  the  docemling  branches 
go  to  the  lower  jKirtion  of  the  descending  colon  and  anastomose  with  the  upper  sigmoid  arteries. 

2.  The  sigmoid  arteries  (Fig.  567)  are  several  branches  which  pass  to  the  sigmoid  colon 
and  fonn  arched  anastomoses  with  each  otber.  The  upper  sigmoid  arteries  anastomose  with 
the  left  colic  arlerj'  in  the  same  manner. 

V  riie  nipcrior  hemorrhoid^  ,irt,ry  (Figs.  567,  569,  and  570),  the  largest  arter)'  of  the 
rectum,  is  the  actual  terminal  branch  of  the  inferior  mesenteric  urtcry.  It  runs  at  the  left  side 
of  the  promontory  and  in  front  of  the  pelvic  sitriace  of  the  sacrum  to  the  rectima,  in  the  wall  oS 
•  which  it  ramifies  from  the  posterior  and  left  portion  of  its  circumference.  It  supplies  the  entire 
upper  and  middle  portions  of  the  rectum  and  partly  supplies  the  lower  portion,  where  it  anasto- 
moses with  the  middle  bemonrhoidal  artery. 

0)  THE  PAIBSD  BKANCHES. 

1.  The  right  and  left  midMe  suprarenal  arteries  (Figs.  474  and  716)  are  small  twigs,  usually 

arising  independently  from  the  alxlominal  aorta.  They  assist  in  the  nourishment  of  the  supra- 
renal !  iorli(  .  which  are  also  supplied  by  the  superior  (see  page  59)  and  the  inferior  (see  page  59) 

suprarenal  arteries. 

2.  The  right  and  left  renal  arteries  ^Figs.  413  and  716)  are  much  larger  than  the  preceding 
vessels.  They  arise  at  almost  a  right  an^  from  the  lateral  surfaces  of  the  aorta  below  the  supe- 
rior mesenteric  artery,  their  cab1>er  being  about  the  same  as  that  of  this  vessel.  The  right  renal 
artery  is  somewhat  longer  than  the  left,  frequently  arises  at  a  somewhat  lower  level,  and  paases 
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behind  the  inferior  vena  cava  to  reach  the  hilus  of  the  kidney.  Rcfon-  cntc  rintr  i1k  hilus  each 
arter}'  gives  off  a  branch  to  tlie  >ui)rnrenal  body,  the  inferior  suprarenal  arleries,  and  as  it  enters 

the  hilus  breaks  up  into  several  l^ranc  hes. 

(Tlif  iiuijorily  iA  ihcjie  branches  enter  the  rt-oa)  strsu*  anttrkM  u>  \hv  and  supply  thai  puruon  of  ihc  ».ii;ney 

tubslanre  whirh  lies  anterior  to  the  median  sagittal  plane  uf  the  organ,  that  portion  forming  its  lateral  lx>rder, 
x>  much  <d  that  fbrming  the  ptMlerior  htH  u  Un  Uieral  to  the  line  at  the  poaterior  row  of  calycea^in  other  word^  » 
little  more  than  half  the  total  amount  of  the  kidney  suhslanoe.  The  remainder  is  lupplied  by  the  hranchc*  which  pus 
post«Tior  In  tlii'  ]n  Uls.  Iletween  the  anterior  nm!  jjostrrior  hr;ini  hi  s  no  .m.i'Jtomoses  occur  and,  consequently,  the  plane 
oi  the  pusterior  row  o(  calyces  marks  a  region  where  only  the  finest  terminal  branches  of  the  arteries  will  be  found,  so 
that  Inriaibn  of  the  kidney  substance  in  this  plane,  nometinwai  kaowB  as  the  "UoodleaB  aiea"  of  the  kidaejr,  will  he 
accompanied  by  a  minimum  of  beroorrhage. — EdJ 

3.  The  riglii  and  Irjt  iiitrrnnl  spermatic  artnirs  (Figs.  413,  '^'jo.  and  716)  arc  lontj  slender 
\  cssels  which  arise  in  close  proximity  to  each  other  from  the  lateral  iX)rtions  of  the  anterior  surface 
of  the  aorta,  below  the  renal  arter>',  but  above  the  inferior  mesenteric.  They  leave  the  aorta 
at  a  very  acute  anj^  and  run  downwaid  upon  the  psoas  major  (or  minor),  bditnd  the  parietal 
jH  riioncum  and  in  front  of  the  ureter,  whiA  €carf  cross  at  an  acute  angle,  giving  off  no  actual 
liraru  lic^  and  pursuing  a  slightly  tortuous  oouise  toward  the  true  pelvis.  The  ri^t  artery  is 
situated  in  from  of  the  inferior  vena  cava. 

Beyond  this  point  the  internal  spermatic  arteries  vary  in  the  two  sexes  and  are  consequently 
known  by  different  names.  In  the  male  it  »  called  the  testicular  artery,  since  it  goes  to  the 
testicle,  in  the  female  the  ovarian  artery,  l>ecause  it  b  the  main  artery  of  the  ovary. 

7n  the  mall'  the  testicular  artery  (Figs.  4?;^,  4*)0,  571,  and  716)  does  nf^t  enter  the  true 
pelvis,  but  passes  along  its  margin  in  front  of  the  t  Ntemal  iliac  vessels  and  enters  the  inguinal, 
caml.  Hienoe,  surraunded  1^  the  veii»  of  the  pampiniform  plexus  (see  page  99)  it  passes 
downward  in  the  spermatic  cord  to  the  testicle,  in  the  substance  of  which  it  gives  off  several 
Ijranches  which  ramihr  from  the  mediastinum  testis  and  anastomose  freefy  with  each  other. 
It  also  supplies  the  epididymis. 

In  the  female  the  ovarian  artery  (Figs.  570  and  572)  enters  the  true  pelvis  on  the  medial 
side  oC  the  psoas  major.  It  is  usiudly  markedly  tortuous,  and  runs  in  the  suspensory  ligament 
to  the  ovary,  the  hilus  of  which  it  enters  after  breaking  up  into  several  branches  and  anastomosing 
with  the  ovarian  branch  of  the  uterine  arter}'.  Small  twig»  also  pass  to  the  ampulla  of  the  tuba 
uterina  in  the  vicinity  of  the  infundibulum. 

THE  PAiOBTAL  BRANOIB  OF  TUB  ABDOMMAL  AORTA. 

Li  contrast  with  the  visceral  branches  the  parietal  branches  of  the  abdominal  aorta  (Fig.  716) 
play  a  minor  rdle.  Some  of  them  (the  infcriiv  phrenic  arteries)  ramify  in  the  diaphragm,  while 
others  (the  lumbar  arteries)  pursue  a  course  analogous  to  that  of  the  intcicosial  arteries.  They 
arc  all  paired. 

1.  The  righi  and  kjt  injerior  phrenic  arteries  ^Figs.  564,  565,  and  71O)  ari«e  in  the  aortic 
opening,  but  bdow  the  cceliac  artery,  in  a  somewhat  variable  manner,  either  separately  or  by  a 

common  stem  from  the  aorta,  or  one  or  the  other  occasionally  from  the  ca  liar  artery.  Before 

earh  arten.'  p.T;«;e<  to  the  rliacihraLTn  it  usually  gives  one  <>r  more  branches  To  the  suprarenal 
Ixxiies,  the  superior  suprarcml  arteries.    It  then  ramifies  upon  the  lower  surface  t)i  the  lumbar 
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portion  of  ihc  conlii»uoiis  costal  pjortion  of  the  diaphraj^m  and  is  ronsidcrably  larger  than  the 
superior  plirmic  artcr)'.  Both  arteries  anastomose  with  each  other  and  with  the  remaining 
arteries  supplying  the  diaphragm,  the  pericaiditcoplireiiic  and  nnisculqphrenic  arteries,  and 
also  with  the  lower  mtercostal  and  the  upper  lumbar  arteries.  Hie  right  inferior  phrenic  artery 
passes  behind  the  inferior  vena  cava  and  sends  small  twigs  to  this  structure  and  to  the  &lcifonn 
ligament  of  the  liver;  the  Ic  ft  art  en'  passes  behind  the  cardia  of  the  stomach. 

2.  The  right  and  kjt  lumbar  arteries  (Fig.  716)  are  four  pairs  of  arteries  which  arise  in 
two  rows  from  the  posterior  surface  of  the  aorta.  Thejr  run  at  right  angles  to  the  aorta  m  a 
curve,  the  convexity  of  which  is  anterior,  over  the  lateral  surfaces  of  the  bodies  of  the  lumbar 
vertebra;,  the  right  arteries  jiassing  behind  the  inferior  vena  cava,  and  the  uppermost  pair  being 
lar^^cly  covered  by  the  lumbar  portion  of  the  fiiapliratjm.  Passing  over  the  upper  part  of  the  bodies 
of  the  four  upper  lumbar  verlcbne,  the  arteries  pass  behind  the  tendinous  arches  of  the  psoas 
major  and  divide  within  this  muscle  mto  an  anterior  branch  and  a  posterior  branch,  like  the 
mtercostal  arteries.  The  posterior  branch  sends  a  spinal  branch  through  the  intervertebral  fora- 
men to  th(>  rfiira  mater  and  to  the  cauda  equina,  and  supplies  the  lower  jwrtion  of  the  sacro^fiinalis 
and  the  >kin  of  iIh-  ! 'nilnir  ref:;Ion.  The  anterior  branch  supi)lii'S  the  ]>soas  and  qtiadraiii-  lum- 
burum,  runs  between  iJie  iibcrs  ot  llie  latter  muscle,  and  terminates  in  the  posterior  {X)rtions  ot 
the  flat  abdominal  muscles.  The  lumbar  arteries  form  numerous  anastmnoses,  as,  for  example, 
with  the  intercostal  arteries  (especially  the  upper  lumbar  arteries),  with  the  iliolumbar  artery 
(espei  ially  l?ie  fourth  lumbar  nrtcr}-.  ninning  along  the  upper  margin  of  the  crest  of  the  ilium  :,  and 
also  with  the  gluteal  arteries  in  theglutjeus  maximus,  to  which  some  of  the  branches  may  extend. 

Not  infrequcnUy  wiAtiom  occur  in  tfae  order  in  which  the  bnucfaei  ariie  from  the  abdominal  aoruu  The  coeliac 
and  the  superior  meseoteric  arteries  may  ariie  from  a  commoa  trunk;  one  ol  the  internal  spermatic  arteries  may  take 

triuin  fri.tn  the  renal  artery,  and  the  renal  artirv  i>.  frf<|ucnlly  dou'ilc  uv'  ti  i.ni-  nr  Iviili  <;ii!?s  or  an  accessory  renal  may 
lie  ]>re^nt.  Such  aboormai  renal  arteries  may  replace  the  normal  ves^tl  and  may  arise  fruni  ihe  cotntnou  iliar  artery 
or  from  the  aortic  bifurcation,  the  latter  origin  bring  csprri.%lly  comnKm  in  abnonmal  situations  of  the  kidoey.  In  rare 
insunces  an  aceeaKiry  hep«tic  artery  ia  derived  from  the  superior  meaeutcric  artery,  and  less  important  »no«aalie*  of  tlw 
suprarenal  and  inferior  phrenic  arteries  are  frequent  and  haTe  in  part  been  already  mcntiooed. 


Althoiieh  of  hut  moderate  size,  the  middle  sacral  arter}'  (Figs.  568  and  yifVi  in  iis  direction 
is  the  immediate  continuation  of  the  abdominal  aorta,  and  cannot  be  reganled  as  one  of  its 
branches.  The  arteiy  arises  at  the  aortic  bifturation  (sec  page  54)  as  a  single  vessel  and  passes 
downward  exactly  in  the  median  line  over  the  anterior  surface  of  the  body  of  the  fifth  lumbar 
vertebra  and  over  the  pelvic  surface  <rf  the  sacrum  to  the  tip  of  the  coccyx,  where  it  terminates 
in  the  so  railed  coccy«;caI  (rlomTis,  a  ctrnglometation  of  vessels  about  3  mm.  in  diameter,  which 
is  imlKflded  in  the  pelvic  fatty  tissue. 

In  front  of  the  middle  of  the  body  o£  the  fifth  lumbar  vertebra  the  ndddle  sacral  artery  gives 
off  the  fifth  pair  of  lumbar  arteries,  the  Umea  lumbar  arterigs,  whidi  are  dntributed  like  the  four 
upper  pairs,  altliough  of  smaller  size;  they  run  behind  the  psoas  ai\d  anastomose  upon  die  iliacus 
with  the  branches  of  the  iliolumliar  arter}'.  Ujwn  the  ]Klvic  surface  of  iht  sacrum  the  middle 
sacral  ar^ry  gives  of!  transverse  branches  which  anastomose  with  the  lateral  sacral  arteries,  and 
supply  the  sacrum  and  part  of  the  origms  of  the  piriformis,  coccygeus,  and  levator  anL 
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THE  COMMON  ILIAC  ARTERY. 

In  addition  to  the  middle  sacra!  artcn-.  the  rii^lil  and  Icj!  common  iliac  arlcric^  f^I^igs.  569, 
570,  715,  and  716)  arise  at  the  site  of  the  bifurcation  ol  the  abdominal  aorta,  in  ironi  of  the  fourth 
lumbar  vertebra,  and  from  their  caliber  seem  to  be  the  immediate  continuations  of  the 
aorta.  They  are  short,  almost  straight  imbranched  trunks,  whose  termuials  supply  the  pdvic 
icgkm  and  the  lower  extremity.  The  common  ih'ac  arteries  leave  the  aorta  at  an  an^  of  65  to 
7-  dcf^rpfs  and  are  from  5  to  6  cm.  in  length.  Each  runs  obliquely  across  the  lower  portions 
of  the  fourth  and  fifth  lumbar  \-ertebrx,  then  along  the  boundar)'  between  the  true  and  the  false 
pelvis  at  the  inner  maigm  of  the  psoas  major  to  the  vicuuty  <rf  the  aacro*iUac  articttlation,  where 
it  divides  into  its  terminals— the  hypoE^tric  and  the  octcmal  iliac  arteries. 

'I'he  right  common  artery  is  anterior  and  medial  to  the  origin  of  the  InfLrior  vena  cava,  m 
front  of  the  terminal  portion  of  the  left  common  iliac  vein,  and  medial  and  somewhat  anttrior 
to  its  own  accompanying  vein  (the  right  common  iliac  vein).  The  left  artcr>-  is  lateral  to  its 
vdn.  Jn  firoat  td  the  commoa  iliac  arteries  are  iJie  parietal  peritoneum  and  the  ureter;  upon  the 
left  side  there  is  also  the  inferior  mesenteric  or  the  superiw  hemorrhoidal  artery,  and  upon  the 
right  the  lower  portion  of  the  root  of  the  mcsenterj-.  With  the  exception  of  the  terminal  branches, 
the  common  iliac  arteries  give  off  only  small  twigs  to  neighboring  structures  (veins,  lymphatic 
nodes). 

The  hypogastric  arter>'  supplies  the  walls  of  the  true  pelvis,  the  pelvic  viscera,  the  pelvic 
floor,  the  perineum,  and  the  {^uteal  region,  while  the  external  iliac  artery  contmues  die  dujpetion 
of  the  common  iliac  and  passes  downward  as  the  main  blood-vessel  of  the  lower  extremify. 

THE  HYPOGASTRIC  ARTERY. 

'I  he  hy^ogaslrii-  [irUtrnui  iliae)  artery  (I-igs.  569,  715,  and  7 it))  arises  from  the  common 
iliac  in  the  \'icini(y  of  the  sacro-iliac  articulation,  and  passes  medially  and  somewhat  backward 
around  the  medial  border  ol  the  psoas  major  to  enter  the  true  pelvis,  where  it  soon  divides  mto 
numerous  branches  in  a  m  r\  Inconstant  manner.  The  visceral  branches  pass  to  the  organs  of  the 
true  [it  h  i>  ;  rectum,  the  urinary  bladder,  and  in  tlic  fLmalc  the  uterus  and  the  tuba-'i,  to  the 
perineum,  and  to  the  external  genitalia;  the  parietal  brum  lies  supply  the  pelvic  walls,  the  buttock, 
ami  a  portion  of  the  thigh.  Usually  the  artery  divides  into  an  anterior  and  a  posterior  division. 
The  anterior  division  gives  off  the'visceral  branches  and  usually  the  obturator  artny,  and  ter- 
minates as  the  inferior  gluteal  and  the  pudendal  arteries  or  as  the  latter  vessel  alone.  The  pos- 
terior division,  usually  the  larger,  gives  off  the  majorit)-  of  the  parietal  branches,  and  terminates 
as  the  superior  gluteal  artery  or  as  the  superior  and  the  inferior  gluteals. 

THE  PAmSTAL  BXANCtOS. 

r.  The  Utdtmbor  artery  (Figs.  568  and  716)  arises  from  the  posterior  surface  of  the  hypo- 
gastric, usually  before  this  vessel  has  squuated  into  its  two  division^.  Tt  passes  upward,  back- 
wan],  and  niitward  behind  the  [jf^oas  major  to  reach  the  iliac  fossa,  where  it  di\  :de5;  info  an  iliac 
and  a  lumlmr  branch.  The  latter  anastomoses  with  the  fourth  and  lowest  lumbar  arteries  and 
ramifies  exactly  like  the  posterior  branches  of  the  lumbar  arteries.  The  larger  3iac  branch 


biyiiizea  by  GoOgle 


62 


ATLAS  AND  TEXT-BOOK  OF  HUMAN  ANATOMY. 


Fig.  568. — The  blood-vessels  and  nerves  on  the  right  pelvic  wall. 

rtic  )>clvis  has  Ik-'ch  h.ihcil  bv  a  tagicidl  Viiii  n  ;iin]  tlic  >;fiiilali.i  ri-iiic ril.    *- Branches  to  COCCygtlBk 
**  ^  Braacb  tu  levator  ani.    -.-  -  Site  o<  abdoniiiul  inguiDitl  ring.    +  +  ^  Branches  to  piriforaui. 

Fic.  569.— The  vessels  of  the  male  genitalia  (profile  view). 

The  left  half  of  the  Ii  iv       i  r<  imasiI  by  a  scition  passing  from  ihc  mctlian  line  behind  t'>  one  sii1<-  .if  the 

median  line  anteriorly;  the  ve&»fis  <oinii>g  Imni  the  left  side  to  the  reUura  and  genitalia  have  coftacqucntly  been 
divided.  The  pcritanvum  has  Uen  rcmnvc<i.  exroptini;  that  portioo  which  limt  thf  interior  lurtire  of  tlw  abdaminal 
mil.  «*>Left  urder  divided  jyat  before  oUcring  the  bladder.  LcR  vai  delercM. 


runs  transversely  across  the  iliacus,  jTi\  c<  1  ranches  to  this  muscle,  and  anastomoses  with  the 
deep  cirntmllex  iliac  artcr}  from  the  external  iliac. 

a.  1  lie  lateral  sacral  aritry  or  arteries  (Vig.  568)  usually  consist  of  a  sujicrior  an«i  an  inferior 
arteiy  which  run  downward  on  the  lateral  portion  of  the  pdvic  surface  of  the  sacrum,  in  front 
of  the  origin  of  the  pirifonnis  and  the  anterior  divnians  of  the  sacral  nerves,  sending  hrandtes 
to  'hrsc  -tniffjire^  and  nnastomovin^  uiili  the  middle  sacral  artery.  They  f^iv i  olT  sp'nud  tirattches 
wliich  pass  through  thr  anti  n'or  sat  rai  foramina  to  the  sacral  canal,  leave  [hr  sacral  canal  tiirough 
tlic  posterior  sacral  loraminu,  and  Mipply  the  dorsal  surface  of  the  satrum  logcther  with  the 
ligaments  and  muscles  found  in  this  locality. 

3.  Tlic  ohiurator  artery  (Figs.  568,  569,  574,  and  575)  runs  near  the  uj)pcr  margin  of  the 
true  pelvis  (the  terminal  line  and  the  ;Koas.  major),  giving  off  small  lirandic-  to  the  lateral  ]i(  lvic 
wall  and  [Kissing  forward  toward  the  superior  puijic  ramus,  to  the  [»osurior  surface  of  which 
it  sends  the  pubic  branch,  which  anastomoses  in  the  vicinity  of  the  lacunar  ligament  with  the 
pubic  branch  of  the  infcriw  epigastric  arteiy.  This  anastomosis  may  be  responsible  for  an 
almonnal  origin  of  the  obturator  artery.   In  about  30  per  cent,  of  all  cases  the  alter}',  instead 
of  rominj;  I'rom  ihe  livix)gastric,  arises  from  the  inferior  <  |(i^a>lric  arlcrv  by  means  of  a  large 
truni;  wiiith  arches  over  the  lacunar  ligament  into  the  true  pelvis.    After  giving  o(T  the  pubic 
branch  the  obturator  artery  enters  the  obturator  groove  and  canal,  sends  branches  to  the  obturator 
intcmus  and  exteraus,  and,  upon  leaving  the  canal,  divides  into  an  anterior  and  a  posterior 
branch.    The  anterior  branch  supi)lies  chiefly  the  adductor  brev'is  and  the  adductor  longus. 
The  posterior  liram  It  rxTnl^  the  small      hihular  artery  through  the  arctafnilar  notch  to  the  hip- joint 
and  to  the  round  ligament,  and  ramilies  chietly  in  the  posterior  adductors,  its  terminal  branches 
extending  to  the  gcmcUi  and  the  quadratus  femoris.  The  posterior  Innnch  anastomoses  freely 
with  the  inferior  gluteal  arteiy,  but  especially  with  the  internal  circumflex  artery  from  the  fnnoral. 

4.  T'ie  superior  gluteal  artery  (Figs.  568,  577,  and  717),  one  of  the  large  terminal  branches 
of  the  hypogastric,  i)asses  Ixtween  the  roots  of  the  sacral  uIcmi'^,  through  the  great  sacrosciatic 
foramen  above  the  piriformis,  and  reaches  the  gluteal  region  where  it  is  covered  by  the  gluUeus 
maximus  and  partly  also  by  the  gluueus  medius.  In  this  situation  it  divides  into  two  branchc«;. 
which  are  termed  the  superior  and  the  inferior  branches,  and  which  supply  the  glutieus  medius, 
the  gluta.us  minimus,  and  also  the  u})pcr  |x)rtion  of  the  g^utxus  maximus.  The  principal  rami- 
fication of  the  artery  takes  ])lace  between  the  gluta'us  medius  and  minimu«,  and  the  brant  hcs 
extend  from  thi^i  situation  to  the  piriformis  on  the  one  hand,  and  to  the  irocitanteri  retc  on  the 
other,  and  anastomose  with  die  hiferior  {^utesl  arteiy,  the  circumflex  branches  of  the  fentomi, 
and  also  partly  with  the  lumbar  and  iliolumbar  arteries. 
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5.  The  injerior  glutexil  [scintic)  artery  iFigs.  577,  717,  and  724),  also  one  of  the  terminal 
branches  of  the  hypogastric,  likewise  passes  throiic;h  the  prcat  sacrohciatic  foramen,  but  below 
the  piriformis,  to  reach  the  gluteal  region,  where  it  is  covered  only  by  the  gluta'us  maximus. 
It  nunifies  in  the  lower  portion  of  the  ^utirus  nuuumus,  the  obturator  intemus,  the  gemeUi, 
and  the  quadratus  femoris,  forms  the  trochanteric  retc,  anastomoses  with  the  superior  gluteal 
art(Tv.  ^^  it]l  thr  iH)$tcrior  branch  of  the  obturator  artery,  with  the  i  iri  umflcx  branches  of  the 
femora!  artcn ,  and,  if  it  extends  downward  as  far  as  the  adductor  minimus,  also  with  the  first 
perforating  artery.  *Il  sends  one  or  two  slender,  markedly  tortuous  branches  downward  along 
the  sciatic  nerve,  the  orUHa  comUons  nervi  ischiadid. 


The  vi-rcral  branches  of  the  hypogastric  arlcrv  (liU'er  in  tlie  two  sexes,  since  in  the  female 
there  is  a  large  branch,  the  uterine  arter}%  to  which  the  homologue  in  the  male,  the  tlefercntial 
aiteiy,  corresponds  neither  in  its  <»igih  nor  caiiber.  The  ramifications  of  the  internal  pudendal 
arteiy  also  exhibit  certain  differences  in  the  two  sexes. 

I.  The  umbilical  arkry  [Vv^<.  568  to  570)  is  before  birth  not  only  the  most  im{X)rtant  branch 
of  the  hyjwgastric,  but  is  actually  the  immediate  conttnnation  of  the  common  iliar  artpn.*;  at  first 
it  is  even  the  immediate  continuation  of  the  aorta  (see  I'ig.  598).  After  birth  the  greater  por- 
tion of  the  artery,  that  extending  from  the  vertex  of  the  Madder  to  the  umbQicus,  becotaes 
obliterated  and  forms  the  lateral  umbilical  ligament,  while  the  portion  bcl\s  een  the  hypogastric 
arter}'  and  the  bladder  remains  penious  in  the  adult,  althmmii  it  i--  only  oi  nuxleratc  caliber, 
and  gives  off  the  superior  \esical  arteries  which  ramify  in  the  region  of  the  vertex  of  the  bladder 
and  in  the  middle  umbilical  ligament. 

9.  The  inferior  vesiad  artery  (Figs.  568  to  570)  arbes  from  the  anterior  division  of  the 
h  i  l^tric,  above  the  pelvic  floor,  and  passes  to  the  base  of  the  blatlder;  it  also  supplies  in  the 
male  the  prostate  and  the  seminal  \(>i(  les,  and  in  the  female  llu'  urellira  and  the  \aL;ina.  In 
the  male  it  gives  origin  to  the  small  dejerenlial  artery,  which  accompanies  the  vas  deferens,  enters 
the  spcrmiitic  cord,  and  anastomoses  iin  the  scrotum  with  the  testicular  artery. 

3.  The  tUtrinc  artery  (Figs*  570  and  572)  passes  to  the  lateral  surface  of  the  supravaginal 
portion  of  the  cervix  uteri,  sends  a  descending  vaginal  artery  to  the  vagina,  and  then  pursues 
a  markedly  tortuous  cour>ie  aions^  the  insertion  of  the  broad  ligament  into  (he  utcnis,  pa<^sing 
upward  along  the  lateral  surface  of  the  cenix  and  body  of  the  uterus  and  sending  numerous 
branches  to  the  muscular  wall  <A  the  utnus  and  through  this  to  the  mucous  membrane.  In 
addition  lo  branches  to  the  broad  ligament  it  also  sends  an  ovarian  branch  along  the  ovarian 
ligament  to  the  ovaiy,  to  anastomose  in  this  situation  with  the  ovarian  artery,  and  a  tubal  branch, 
which  runs  in  the  m<'<osal[iin\  to  the  tuba  xiferina,  the  greater  jwriion  of  which  it  supplies.  This 
tubal  branch  gives  off  a  slender  twig  which  accompanies  the  round  ligament  of  the  uterus  to 
the  inguinal  ring. 

4.  The  mid^  hemorrhoidal  artery  (Figs.  568  to  570)  arises  immediatdy  above  the  sacro- 
spinous  ligament  from  the  trunk  of  the  hy{X)gastric  arten*-  (occasionall^■  fioni  the  anterior  di\  ision), 
and  i>asscs  immediately  above  the  pdvir  cliai'/hrajrm  to  the  rectum  and  the  levator  ani.  In  the 
male  it  also  supplies  the  seminal  vesicles  and  the  prostate  and  in  the  female  the  \agina.  .\t 


THE  VISCERAL  BRANCHES. 


64 


ATLAS  AND  TEXT-BOOK  OF  HUMAN  ANATOMY. 


Fig.  57a — ^The  vessels  uf  the  female  genitalia  as  seen  from  the  left  aide. 

Diatectloii  w  In  Fig.  569.  The  left  vnry  and  tube  liave  been  dnwn  (onrard  and  downward,  the  r%ht  onry 

and  tube  upward.    ♦  -  \'aginiil  braniki  s  uf  inferior  vpsiral  artery. 

Fig.  571. — The  vessels  ami  nerve.-,  uf  the  penis,  spernulic  cord,  and  scrotum  .is  seen  from  in  front. 
The  skin  and  ihc-  greate  r  {xirtinn  of  the  fa.sdahave  been  reniaved  from  the  peaia;  the Tcaaelt  of  the  fiifht  qsermntic 
ootd  have  been  cx|Jciae(i  by  dividing  its  coverings. 

Fig.  572. — The  arteries  of  the  female  internal  genitalia  as  seen  from  behind. 

The  lower  portion  of  the  broad  h'gainent  haa  been  temoved,  tbt  left  ovarian  Qgaaoent  divjded«  and  the  peritoneum 
of  the  meiosalpinx  removed  along  the  veuets. 


the  rectum  it  anastomoses  with  the  superior  hciiiorrlioidal  artor}'  from  th>-  inferior  mesenteric 
and  with  the  inferior  hemorrhoidal  arteries  (see  below).  It  is  also  connected  with  other  visceral 
branches  of  the  hyjxjgastric  arter)'  (the  uterine  and  the  inferior  vesical  arteries), 

5.  The  iniemal  pudetidal  artery  (Flg^  568  to  571,  724,  and  725) »  not  a  pure  visceral  branch, 
inasmuch  as  it  also  supplies  the  perineum  and  the  region  of  she  anus.  It  is,  however,  the  chief 
artery  for  the  external  genitalia.  It  i<  .'ilmr>st  alwa\*s  the  terminaiion  of  tlic  anterior  division  of  the 
hy|>ogastric  arter>-,  and  |)asscs  to  the  gluteal  region  with  the  inferior  gluteal  arterj'  by  passing 
through  the  great  sac  rose  iatic  foramen  below  the  piriformis.  It  leaves  the  gluteal  region  through 
the  lesser  sacrosciatic  foramen^  wuDding  arotmd  the  posterior  surface  of  the  sacrospinous  ligament, 
and'  enters  the  ischiorectal  fossa.  .At  the  outer  margin  of  this  fossa,  close  to  the  tuberosity  and 
the  inferior  ramus  of  the  ischium  and  ahow  iIk-  fait  iform  process  of  the  sacrotuberous  ligament, 
the  artery  passes  for^vard  and  inward  toward  tlie  j>eriiieum  and  the  external  genitalia.  It  is 
covered  by  the  obturatw  fascia  and  is  situated  dose  to  the  otigm  of  the  levator  ani  from  this 
fascia.  The  branches  of  the  internal  pudendal  artery  are: 

(o)  The  inferior  hemorrhoidal  arleryox  arteries  (Figs.  724  and  725).  usually  several  branches 
ari«^in!!;  by  a  rommnn  trunk,  pass  dowTiwarri  and  inward  through  the  i.srhiort'rtal  fat  to  the  anus 
and  supply  the  musculature  (the  levator  and  sphincter  ani)  and  the  integument  of  the  anus,  as 
well  as  the  anal  portion  of  the  rectiun  in  genmL  They  anastomose  with  the  middle  hemor- 
rhoidal aMeiy  from  the  hypoi^tnc. 

(6)  The  perineal  artery  (Figs.  724  and  725)  passes  towartJ  the  median  line  of  the  perineum, 
parallel  with  the  sTiperfKial  transversus  perinei,  giving  off  small  liranches,  ramifying  in  the  mus- 
culature and  integument,  and  terminating  in  the  posterior  scrotal  {labial)  arteries,  which  represent 
the  superficial  terminal  branches  of  the  internal  pudendal  artery.  Each  perineal  artery  is  at 
Sist  covered  by  the  superficial  transveisiis  perinei,  and  then  passes  in  the  groove  between  the 
bulbocavcmosus  and  the  ischiocavcmosus  with  the  ner\'es  of  the  same  name  to  the  posterior 
portion  of  'he  scrotum  in  the  male  and  to  the  posterior  segments  nf  the  labia  mnjora  in  the  female. 

(c)  The  artery  of  the  penis  in  the  male  (Fig.  724)  or  the  artery  oj  the  clitoris  in  the  female 
(Fig.  725)  is  the  actual  deep  teiminal  branch  of  the  mtemal  pudendal  artery,  and  is  naturally 
of  much  larger  sise  in  the  male  than  in  the  female.  It  continues  hi  the  direction  of  its  parent 
trunk,  running  forward  and  inward  throiif^h  the  outer  portion  of  the  urogenital  trigone  to  the 
lower  aspect  of  the  >ympliysi<;  pubis,  where  it  passes  between  this  structure  and  the  transverse 
ligament  of  the  pelvis  and  divides  into  its  terminal  branches,  the  dorsal  artery  oj  the  penis  {clitoris} 
and  the  deep  artery  oj  the  penis  {diloris).  The  branches  of  the  artciy  of  the  peats  are: 
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(a)  The  iirrllirtil  artery  is  the  hirtjcst  of  a  nuni!>LT  of  -^mall  twigs  which  pass  tO  the  mem- 
branous portion  01  tlie  urcihra  and  to  the  (iccp  transversus  perinei. 

Q)  The  arlery  oj  the  bulb  oj  lite  urethra  supplies  the  bulb  and  the  body  of  the  corpus  car- 
enosum  uiethia;  and  the  urethra  itself. 

(;')  The  dorsal  artery  oj  the  prnis,  one  of  the  terminal  branches  and  a  paire<l  vessel,  accom- 
paniis  the  <m<jle  dorsal  vein  to  the  dorsum  of  the  male  organ,  wherr'  it  i-  covered  liv  the  fa>(  la 
of  the  penis,  ami  passes  anteriorly  in  a  slightly  tortuous  manner  to  reach  the  corona  of  the  glans, 
where  it  breaks  up  into  numerous  branches.  In  its  fx>urse  it  gives  oS  twigs  not  only  to  the  skin 
*'  but  also  to  the  f^ans  penis  and  to  the  corpora  cavernosa,  these  latter  piercing  the  albuginea  and 
anastomosing  with  the  branches  of  the  deep  artery  of  the  penis. 

(o)  The  deep  arlery  of  the  pniis  penetrate?  the  corpus  cavemosum  from  the  medial  >ide, 
and  nins  forward  in  this  structure  near  the  septum  penis,  anastomosing  with  its  fellow,  of  the 
opixTsite  side  by  twigs  which  pierce  the  septum. 

In  the  female  the  artery  of  the  ditoris  pursues  a  course  analogous  to  that  of  the  artery  of  the 
pen?--  in  the  nude,  but  the  vessel  is  correspondingly  smaller.  Instead  of  an  arten,'  of  the  urethral 
bulb  it  {Hvo^  off  an  arlery  of  the  vestibular  bulb,  and  divides  into  the  dorsal  artery  oj  the  ditoris 
and  the  deep  artery  oj  the  clitoris.   The  latter  vessel  is  very  small. 

Slight  deviations  in  the  ramificatioa  of  the  hyix^gastric  artei}'  are  very  common.  Neighbor- 
h^  arteries  frequently  arise  from  a  common  trunk,  and  the  lower  visceral  branches  (the  inferior 
vesical  and  the  middle  hemorrhoidal  arteries)  frequently  originate  from  the  internal  pudendal 
artery.  The  greatest  number  of  anomalies,  however,  an-  exhibited  by  the  obturator  artcr)'. 
The  most  fretjuent  of  these  is  the  origin  of  the  obturator  from  the  inferior  epigastric  or  by  means 
of  this  vessel  from  the  external  iliac  artery,  as  has  previously  been  mentioned  (see  page  6a). 
It  may  also  arise  from  die  common  iliac  artery  (rare)  or  from  the  femoral  artery  (very  rare). 
Bur  even  when  it  has  an  anomalous  origin,  there  is  almost  always  present  a  small  normal  artery 
coming  from  the  hypog^txic  and  joining  the  large  abnormal  vessel  in  the  obturator  canaL 

THE  STTBRNAL  ILIAC  ARTERY. 

The  eartemal  iliac  artery  (Figs.  568  to  570,  573,  574,  716)  continues  m  the  direction  pursued 
by  the  common  iliac  arter)'  and  extends  from  its  origin  from  lliis  vessel  to  the  inguinal  lic:;amcnt, 
beyond  which  it  is  known  as  the  femoral  arter}'.  It  run>  from  alx)ve  downward,  from  behind 
forward,  and  from  withm  outward,  along  the  inner  margin  of  the  psoas  to  the  lacuna  vaaorum, 
where  it  is  situated  lateral  to  the  femoral  vein  and  upon  the  ih'opectineal  fascia.  The  cotirse  of 
the  vessd  is  slightly  cur\x-d,  the  convexity  Ixing  directed  backward  and  outward;  it  is  separated 
from  the  psoas  mu-sclc  and  the  femoral  nt  r\  e  by  the  iliac  fascia  and  is  crossed  in  the  male  Ijy  the 
internal  spermatic  vessels.  Only  verj*  small  twigs  are  given  off  to  the  surroimding  sirutiures 
until  just  before  the  artery  enters  ilic  lacuna  vasorum,  when  it  gives  origin  to  two  larger  branches. 
These  are: 

t.  The  injerior  epigastric  artery  (Figs.  568, 569, 570,  and  716)  arises  at  the  level  of  the  inguinal 

ligament  from  the  meflial  surface  of  the  external  rh.r.  It  runs  at  first  almost  liorir.ontally  toward 
the  median  hne  for  a  short  distance,  this  portior  1  w.'  .essel  Ijcing  situated  behind  the  inguinal 
and  lacunar  ligaments  and  crossed  by  the  vas  It  then  cur\-es  upward  and  outward, 
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Fic.  573. — The  vessels  and  nerves  of  the  anterior  surface  of  the  thigh  (superficial  layer). 
Only  the  faaria  has  been  remawed.   *  -  Bnutch  of  feraonl  nerve  to  pertinrus. 

Fir..  574. — The  vessels  and  ncnes  o{  the  anterior  -urf  u  c  of  the  thigh  (middle  layer). 
The  sartor  iua  and  pcctineus  have  been  divided.    *  ^  Branch  uf  obturator  artery  to  hip-joint. 


reaches  the  outer  margin  of  the  rectus  abdomim's  above  the  pubic  symphyus,  forming  the  epi- 
gastric fold  (sec  \'oi.  II..  p.  80),  pierces  the  transversalis  fascia,  and  runs  upward  uix)n  ihv  posterior 
surface  of  the  rectus  abdominis.  Above  the  semicircular  line  the  artery  passe?  (o  the  antt nOr 
surface  of  the  posterior  layer  of  the  sheath  of  the  rectus,  and  then  penetrates  the  rectus,  in  which 
it  ramifies  and  anastomoses  freely  with  the  terminal  branches  of  the  superior  epigastric  artery 
from  the  internal  mammary  artery.  In  this  manner  there  occurs  in  the  substance  of  the  rectus 
abdominis  an  :mn<;tnmosi-  bi  twn  n  the  arter}-  of  flu  *ipper  and  that  of  the  lower  extremity.  In 
addition  to  the  ramitication  in  the  rectus,  the  inferior  epigastric  artery  also  gives  ofl  a  number 
of  smaller  branches: 

(a)  The  ^ic  branek  h  a  small  twig  which  comes  from  the  first  part  of  the  artery,  runs  upon 
the  lacunar  ligament  to  the  iX)sterior  surface  of  the  superior  pubi'c  ramus,  and  at  the  symphjrsis 
anastomo.ses  with  its  fellow  of  the  opposite  side  and,  by  means  of  its  <fblttrab>r  branch,  also  with 
the  pubic  branch  of  the  obturator  arlen,-. 

(b)  The  external  s^emuUic  {cremaskru)  artery  (Figs.  568  and  571)  arises  at  about  the 
same  level  as  the  pubic  branch,  and,  in  the  male,  passes  through  the  inguinal  canal  to  the  sper- 
matic cord  and  its  coverings,  particularly  supplying  the  cr«  ni.i-^ter  nutscle  and  anastomosing 
with  the  w-.\\i  ul  ir  artery.  In  the  female  the  vessel  is  much  snmlkr  and  is  known  as  the  artery 
oj  Ihc  round  ligament. 

a.  The  deep  circumflex  Uiac  arlery  (Figs.  573  and  574)  arises  almost  exactly  opposite  to  the 
inferkHT  epi^tric  from  the  ktcral  surface  of  the  external  iliac.   It  is  covered  by  tlw  iliac  fascia, 

and  runs  ujjward  and  outward,  j)arallel  with  the  inguinal  ligament,  to  the  anterior  superior  spine 
of  ihi>  ilium,  and  then  cun'cs  along  the  iliac  crest  betv.ccn  -he  internal  lip  and  the  origin  of  the 
iliacus,  anastomosing  with  the  iliac  branch  of  the  iliolumbar  artery.  In  addition  to  branches 
to  the  iliacus,  the  deep  circumflex  iliac  artery  also  sends  branches  to  the  neighboring  portions 
of  the  flat  abdominal  muscles  and  pertly  also  to  the  proximal  portion  of  the  thigh. 


The  femoral  artny  (Figs.  573  and  574)  is  the  immediate  continuation  of  the  external  iliac 
arter}'  and  extends  from  the  inguinal  ligament  to  the  adductor  opening  in  the  adductor  magnus. 
After  passing  through  litis  oriOcc  it  is  known  as  the  popliteal  artery,  so  that  the  external  ih'ac, 
the  femonl,  and  the  popliteal  arteries  aie  really  one  and  the  same  vessel,  diiTerent  names  being 
applied  to  it  in  different  regions,  just  as  was  the  case  with  the  artery  of  the  upper  extremity  (the 
subclavian,  the  axillary,  and  the  brachial  arteries). 

The  pwition  of  the  femoral  artcrA,-  is  acctirntrly  dr tcrniined  throughout  its  entire  length  by 
the  muscles  of  the  thigh.  .\l  first  it  is  situated  beneath  the  inguinal  ligament  in  the  ilioviectineal 
fossa,  between  the  two  muscles  which  bound  this  space  and  lateral  to  the  accompanying  femoral 
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vein.  Lateral  to  the  artcn'  i?  the  femoral  nerve,  with  the  beginning  of  its  ramification.  The 
artery  is  cos  ercd  by  tlie  superticiai  layer  of  the  fascia  latu  in  such  a  manner  that  it  is  usually  partly 
wkhm  the  region  of  the  foua  ovaln»  and  the  large  subinguinal  lymphatic  nodes  an  also  usually 
immediately  in  front  ct  it  The  deep  layer  of  the  fascia  lata  (the  pecthieal  fasda)  fonns  the 
sheath  for  the  femofal  vessels^  passing  behind  them  to  join  with  the  iliac  fascia  to  fonn  the  iUo- 
pectineal  fascia. 

Below  the  iliopectineal  fossa  ihe  femoral  artery  is  situated  iu  the  femoral  trigone  formefl 
by  the  saitorius  and  the  adductor  longus;  at  the  apex  of  the  triangle  the  artery  passes  behind  the 
umer  bolder  of  the  sartorius  and  enters  the  adductor  canal  between  the  origin  of  the  vastus 
malialis  and  the  insertions  of  the  adductors,  where  it  is  surrounded  by  tendinous  portions  of  th( 
fascia  lata.  The  femoral  vein  which  lay  mt-flia!  ?o  it  in  the  iliopertineal  fossa  now  takes  a  position 
behind  the  artery,  and  with  this  relation  the  artery  reaches  the  adductor  opening. 

The  course  of  the  femoral  aiteiy  is  usually  strat^t  and  almost  vertical,  althou^  it  may 
rarely  be  slightly  tortuous.  The  chief  branches  are  given  off  in  the  iliopectineal  fossa  and  the 
artery  then  rliminishrs  markedly  in  caliber;  the  actual  artery  of  the  thigh,  the  deep  femoral,  is 
also  given  olT  in  \h\-  simalion. 

In  addition  to  tiie  deep  femoral  aner)',  a  number  01  small  cutaneous  branches  arise  in  the 
iliopectineal  fossa,  and  pierce  the  fascia  lata  in  the  vichiity  of  the  fossa  ovalis.  These  are: 

I.  The  inguitud  bfotukeSt  whidi  supply  the  integument  and  the  lymphatic  nodes  of  the 
subinguinal  rei:ion. 

3.  The  sKpfrfu  i'i!  <  pii;nslric  artery  (Fig.  600)  passes  upward  in  front  of  the  fascia  lata  and 
the  inguinal  ligament  to  ihe  skin  of  the  abdomen. 

5.  The  superficial  drcumfiex  iUac  artery  (Fig.  600)  may  aiise  in  common  with  the  preceding 
veasd.  It  pierces  the  fascia  lata  near  the  fossa  ovalLs  and  runs  parallel  with  the  inguinal  ligament 
to  the  anterior  superior  spine  of  the  iUum,  where  it  ramirir^  in  the  integument. 

4.  The  extermi  pudendal  arteries  (Figs.  571  and  t)Oo)  are  usually  two  small  vessels  which 
pa.ss  transversely  inward  to  the  skin  of  the  external  genitalia.  Their  terminations  are  known 
as  the  anterior  ser<itat  (iahiel}  cfrteries,  and  anastomose  with  the  correspondmg  posterior  vessels 
from  the  internal  pudendal  artery. 

5.  The  (I'lp  'jrnuiraJ  arl,  ry  -  Vv^'-.  to  575)  i-  the  ];irge>t  I)runrh  of  the  femoral  artery  and 
nourishes  the  musculature  of  the  thigh.  It  arises  from  the  posterior  surface  of  the  femoral  artery 
and  passes  downward  in  a  slightly  tortuous  manner  into  the  depths  of  the  thigh,  as  a  short  thick 
trunk,  rapklly  diminishmg  m  caliber  and  situated  lateral  to  and  behind  the  femoral  artery.  In 
the  upper  part  of  its  course  it  is  situated  in  front  of  the  insertion  of  the  iliof)soas  and  of  the  pectineus; 
in  the  lower  part  it  is  close  to  the  femur,  betw  een  the  insertions  of  the  adductor  longus  and  adductor 
brcvis,  and  its  terminal  branches  pass  through  the  adductor  magnus  to  the  posterior  surface  of 
the  thigh.  One  of  the  two  large  circumflex  branches,  usually  the  medial,  sometimes  arises 
direcdy  from  the  femoral  arteiy,  trader  which  circumstances  the  profunda  femoris  is  correspond- 
ingly diminished  in  sissc.    Its  branches  are: 

(a)  The  mrdiaJ  rirrumffrr  jfmora!  (irtrry  (Figs.  574,  ';7=;.  ^77,  anrl  717)  arises  from  the  first 
portion  of  the  deep  femoral  (occasionally  from  tlac  femoral  itself),  passes  transversely  inward 
behind  the  femoral  artery  and  vein,  and  gives  off  a  slender  superficial  braaeh  which  ramifies  in 
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the  anterior  adductors  (pcctincu5,  adductor  longus),  while  the  main  portion  of  the  artery  passes 
backward  ;i>  the  deep  brattrh  hcUvn'n  the  iliopsoas;  nnd  the  pcctineus  and  cour^t'^  arounrl  the  neck 
of  the  femur  above  the  lesser  trochanter.  This  deep  branch  gives  numerous  twigs  to  the  adductors, 
anastomoses  ^th  the  deep  branch  of  ike  obtuiut<H-  artery,  sends  branches  to  the  articular  capsule 
of  the  hip- joint,  ramifies  upoti  the  posterior  surface  of  the  thigh  and  m  the  gluteal  re^m,  and  ends 
by  dividing  into  an  a'^rcndinr^  and  a  descending  l)ranrh.  The  ascending  hranth  [yassea  upward 
between  the  quad  rati:-.  Umoris  and  the  gcmflliis  inferior,  anastomoses  with  the  gluteal  arteries 
and  partly  with  the  lateral  cirtumtlcx,  and  aids  in  the  formation  of  the  trochanteric  retc.  The 
descending  branch  passes  between  the  quadratns  femorU  and  the  adductor  minimis,  ramifies 
in  the  adductor  minimus,  the  adductor  magnus,  and  the  neighboring  fiexors,  and  anastomoses 
with  the  inferior  gluteal  and  first  perforating  arteries. 

(b)  The  lalrral  rhnimffrx  femoral  arlrry  iVl^s.  -7}  am]  t,";^)  arises  opposite  the  merlial 
circumflex,  but  usually  at  a  somewhat  lower  level.  At  lirsl  it  runs  almost  transversely  outward 
between  the  brandies  of  the  femoral  nerve,  behind  the  rectus  femoris  and  in  front  of  the  insertion 
of  the  flio|)soas,  and  then  divides  into  a  1ari;i'  descending  branch  and  a  smaller  ascending  branch. 
The  asrfitding  branch  jiasscs  upward  to  tlu  posterior  surfaces  of  the  sartorius,  tensor  fascije 
lata:  and  rectus  femoris,  i)artially  supplies  the  glut.'cus  medius  and  glutofus  maximus,  and  extends 
to  the  vastus  lateralis.  The  larger  descending  branch  runs  downward  between  the  rectus  femoris 
and  vastus  intermedius  (in  front  of  the  latter  muscle)  and  ramifies  almost  whoDy  in  the  quadriceps 
femoris.  Ll  addition  to  thi-se  two  main  branches  of  the  artery,  twigs  are  given  ofT  which  pass 
horizontally  outward,  rovcred  liy  llie  glut.eiis  nuilius,  and  nm  around  ihc  nerk  of  the  fi-mur  In 
the  gluteal  region,  where  they  become  associated  with  the  medial  circumflex  and  the  gluteal 
arteries  in  the  trochanteric  rete. 

(c)  The  first  perforatmg  artery  (Figs.  575  and  577),  the  uppermost  and  the  largest  of  the 
perforating  branches,  reaches  the  posterior  surface  of  the  thigh  by  piercing  the  adductor  magnus 
at  the  junction  of  the  upper  and  middle  thirds  of  the  muscle,  and  divides  into  an  ascending  and 
a  descending  branch.  The  ascending  bramh  suppUcs  the  gluteus  maximus,  the  quadratus  fem- 
oris, the  adductor  minimus,  and  the  upper  portkm  of  the  adductor  magnus,  and  anastxanflses 
with  the  inferior  gluteal  and  with  the  circumflex  femoral  arteries,  eqwcially  with  the  medial  one. 
The  descending  branch  supplies  the  greater  portion  of  the  adductor  magnus,  the  flexors  (partic- 
ularly the  bice]>s),  and  the  orit^in  of  the  vaslu>  lateralis,  gives  off  the  superior  nutrient  arlrry  nf 
the  jemWf  and  anastomoses  with  the  second  ^jertorating  artery  and  with  tlie  muscular  branches 
of  the  femonl  and  popliteal  aitwies. 

(if)  The  seeond  perforatmg  artery  (Figs.  575  and  577)  is  smaller  than  the  first.  After  passing 
close  to  the  insertion  of  the  atlductor  bre\  is,  it  pierces  the  adductor  magnus  at  about  its  middle, 
supplies  the  deep  layers  of  tlie  arlductors,  the  tlcxOTS,  and  the  vasli,  and  anastomoses  with  the 
branches  of  the  other  two  perioral  ing  arterieii. 

(*)  The  third  perjorating  arkry  1  Figs.  577  and  578)  is  the  terminal  branch  of  the  deep  femoral 
artery.  It  jnerces  the  adductor  magnus  just  above  the  adductXMr  opening  and  gives  off  the  chief 
vessel  for  the  nourishment  of  the  femur,  the  inferior  nulrient  artery  0}  ihc  jrmur.  I1  senrls  branches 
to  the  adductor  magnus,  the  short  head  of  the  l)irpp«.  and  the  oritrin?  of  the  vasti,  and  anastomoses 
with  the  neighboring  branches  of  the  second  iK-rlorating  and  fjopliteal  arteries. 
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During  its  course  thiottgh  the  thigh  below  the  iliopectineal  fossa  the  femoral  artery  gives 

off  but  few  branches. 

6.  The  muscular  bram  iws  (Figs.  574  and  575)  varj-  in  number.    They  supply  ihe  sartorius, 
the  adducton,  and  the  qtiadriceps. 

7.  The  gt'nu  suprema  {/masbnnotka  magna)  artery  (Fig^  573  to  575)  arist  s  from  the  femoral 
l)rforf  tlial  vcs-.(_'l  ])a<srs  througli  ihf  adductor  OfH-n  in  a;.    It  mns  to  iht-  inlcmal  condyle  of 

the  femur  unficr  cover  of  the  sartorius  muscle  and  in  company  with  the  saphenous  nenx,  to 
whieii  it  gives  a  small  saphenous  arkry.  It  gives  oU  muscular  branches  to  the  neighboring  muscles, 
especially  to  the  vastus  medialis»  aind  bdow  the  internal  condyle  becomes  superficial  and  sends 
articular  branches  to  the  knee-joint.  A  larger  branch,  occasionally  arising  independently  from 
the  femoral  artery,  tmvcrses  the  vastus  medialis  and  also  ends  at  the  knee-joint  by  aiding  in  the 
formation  of  the  anicular  rete. 

By  the  anastomoses  of  the  circutnflrx  femoral  arteries,  of  the  obturator  arteries,  and  the  first  |»crfurating  artery 
wfth  the  i^tital  arteries  and  with  each  other,  and  also  by  the  anastomoses  between  the  branches  of  the  femoral  and 
hypogialije  arteries,  a  iargp  miaibcr  of  paths  are  pnmded  in  the  poateiior  gluteal  region  which  may  play  an  impott- 
•nt  rele  in  the  developinent  at  tte  eoUateral  drcnintioa  nUcr  an  huermptiaa  m  ^e  eontfaiiiity  of  either  the  imanl 
or  the  citenal  iliac  anoiei. 

  % 

THB  POPLITEAL  ARTERY. 

The  fofiittd  artery  (Fjgs.  578  to  581,  and  718)  is  the  imnudiate  continuatioo  of  the  lemoral, 
and  throughout  the  gieateat  portion  of  its  cour-e  lies  deeply  in  the  popliteal  space.  Fhun  the 

Hfldurtor  openinf^  il  pa^^ses  at  first  downwanl  imder  cover  of  the  wmimembrano^u*;,  upon  (he 
posterior  surface  of  the  femur,  to  the  upper  apex  of  the  lozenge-shajjed  popliteal  fossa.  It  then 
traveises  this  space  diagonally  from  above  dcnmward,  being  no  longer  covered  by  musdcs,  but 
partly  concealed  by  the  popliteal  vein,  which  is  somewhat  lateral  to  it,  and  surrounded'  1^  Catty 
tissue  which  separates  it  from  the  popliteal  surface  of  the  femur  and  the  posterior  surface  of  the 
articular  cap^^iilc  of  the  knee-joint. 

From  the  lower  ai>cx  of  the  popliteal  fossa  the  artery  passes  in  front  of  the  two  heads  of  the 
gaatncnemltts,  lying  between  them  and  the  poplitcus,  then  in  front  of  the  tendinous  arch  of  the 
soleus,  and  finally  divides  at  this  level  in  the  popliteal  canal  hito  its  two  termhial  branches,  the 
anterior  and  |)Ostcrior  tibial  arteries.  In  addition  to  proximal  muscular  branches  which  arise 
from  the  artery  alx)ve  the  knee-joint  and  run  to  the  biceps  and  the  semimembranosus 
(anastomosing  with  the  third  perforating  arier\),  the  popliteal  artery  gives  off  the  following 
branches:  ft 

1.  The  lateral  genu  superior  {superior  external  ariiailar)  artery  (Figs.  578,  582,  and  718) 
arises  at  alxiut  the  middle  of  the  |K)pliteal  space,  runs  transversely  oirfwanl  above  the  external 
condyle  between  the  lower  extremity  of  the  shaft  of  the  fc  mur  ati<l  tlu-  in^t  riion  of  the  biceps;,  and 
then  passes  for^vard  to  become  superficial  at  the  external  condyle  ot  the  femur  below  the  vastus 
lateralis.  It  ramifies  tn  the  latter  muscle  and  ends  in  the  articular  rete  of  the  knee. 

2.  The  medial  genu  superior  {superior  internal  arttoUar)  artery  (Figs.  575,  578,  and  583) 
arises  op[K>sitc  the  ]>rci  cdini^'  cl  and  jiursues  an  analogous  cnnrse.  It  runs  medially  between 
the  femur  and  the  semimembranosus  and  scmitcndinosus,  and  then  forward  between  the  femur 
and  the  gracilis,  sartorius,  and  the  tendinous  insertion  of  the  adductor  magnus.    Below  the  vastus 
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Fig.  575. — The  nerves  and  vessels  of  the  anterior  surface  of  the  thigh  (deep  layer). 

Duaectiaa  u  in  Fig.  $74*  except  that  the  rectus  ferooria  and  the  adductor  kmgua  have  alio  been  divided 
**  -  Large  raamilar  bnnch  of  the  deep  femoral  artery. 

Fic.  576. — The  nerves  ani  l  M  --jis  of  the  posterior  surface  of  the  thigh  (superficial  layer). 

Only  the  faacia  has  bwn  removed.  ♦  Communication  between  <>mall  saphenous  vein  an<l  branrlu-s  <if  <leep 
fenonil  vejua 

Fig.  577. — The  vessels  and  nerv  es  of  the  posterior  surface  of  the  thigh  (deep  layer)  and  of  the  poeterior 

gluteal  region  (middle  layer). 
*  o  Commiinicatioo  between  sm.ill  saphenous  and  deep  femoral  vcina.  **    Divided  long  head  o(  hkepa. 
Fig.  578. — ^The  arteries  of  the  popliteal  space. 

Tlie  tmi  heads  of  the  gascrucncmius  and  the  sulcus  have  been  divided  and  portions  of  tlie  bicxps  and  aendmeiH' 
branoniB  remowd. 


medialis  and  the  temlinous  insertion  of  the  adductor  magnus  the  arter>'  becomes  superficial  at 
the  internal  condyle  and  then  descends  to  the  aiticiilar  rete  of  the  knee  after  giving  branches  to 
the  ne^hbonng  musdes. 

3.  The  genu  medui  (azygos  artkidar)  artery  (Fig.  578)  arises  below  the  middle  of  the  popliteal 
Sparc  fron\  the  anterior  i^urfac  c-  of  ihc  popliteal  artcrj',  pierces  the  articular  capsule  of  the  knee- 
joint  immediately  above  the  oblifiuc  popliteal  ligament,  and  enters  the  interior  of  the  joint  to 
be  distributed  chiefly  to  the  cruciate  ligaments  and  to  the  alar  folds. 

4.  The  mnA  arteries  (Figs.  578,  579,  and  718)  are  four  or  five  in  number  and  several  may 
frequently  arise  from  a  common  trunk.  They  take  origin  in  the  lower  portion  of  the  popliteal 
space  ami  s«jj)])ly  the  tricei>s  surx,  being  esijecially  distributed  to  the  two  lir.uls  of  the  gastrocne- 
mius. Individual  branches  also  run  superficially  in  the  groove  between  the  two  heads  of  the 
gastrocnemius  and  supply  the  integument. 

5.  The  lateral  geiut  u^erior  (mferiar  esOmut  ^Hcidar)  artery  (Figs.  578  and  582)  arses  bam 
that  portion  nf  the  popliteal  arterj'  which  is  in  front  of  the  gastrocnemius,  turns  laterally  and 
forvvrtrrj  in  front  of  the  tendon  of  orijrin  of  the  popliteus,  is  covered  by  the  outer  hearl  of  the  {gas- 
trocnemius tuid  by  the  tendon  of  insertion  of  the  biceps,  sends  branches  to  these  muscles,  and 
teiminatcs  in  the  articular  rete  of  the  knee. 

6.  The  medM  genu  inferior  (inferior  intemal  artkular)  artery  (Figs.  575,  578,  and  581) 
arises  opposite  the  precedinj^  vc«;sel  or  at  a  somewhat  lower  level,  f>a.sscs  me<Jially  beneath  Ihf^ 
inner  head  of  the  gastroi;  rieiniiN  at  the  upper  margin  of  the  |x>p!ito(i'<,  then  forward  around  the 
lower  border  of  the  internal  condyle  oi  the  tibia,  is  covered  by  the  tendons  of  the  pes  anserinus 
and  the  tibial  lateral  ligamoit,  gives  off  muscular  branches  and  tw^  to  the  ligaments,  and  descends' 
upon  the  inner  side  to  enter  the  articular  rete  of  the  knee. 

THE  POSTERIOF  "I  TRI  AL  ARTERY. 

The  posterior  tibial  artery  (Figs.  578,  580,  5S1,  5S4,  ami  5S5)  arises  at  the  bifurcation  of  the 
popliteal  artcr)'  in  the  popliteal  canal.  It  is  the  artery  for  the  ix>slcrior  surface  of  the  leg  and 
for  the  sole  of  the  foot,  and  represents  the  direct  continuation  of  the  popliteal.  It  passes  do«n» 
ward  [oT  a  disiatK c  of  3  or  4  cm.  between  the  soleus  and  the  tibialis  posterior,  when  it  gives  off 
its  largest  and  most  independent  branch,  tJie  peroneal  arteiy,  which  appears  to  be  a  tlmd  artery 
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for  the  leg.*  From  (his  {loint  the  ix)stonor  tibial  arirn'  i>  ronsirii-rahly  dimini>htfl  in  caliher 
and  ptir^ites  a  slightly  tortuous  cnur-e  downward  bi  twcrn  the  deejx.-r  layer  of  the  musculature 
of  the  call  ^ihe  tibialis  posterior  and  the  llexor  digiloruni)  and  the  inner  segment  of  the  solcus, 
gradually  approaching  the  inner  side  irf  the  kg  aiul  becoming  superficial  at  the  inner  margin  of 
the  soleus.  The  tibial  ncr\  l  i-,  latiTal  to  the  aiteiy  throo^iout  the  entire  course  of  the  \  essd, 
and  in  the  lower  third  of  xhv  k-g  the  artcri'  and  the  nen'e  are  ^npcrficially  situated  beneath  the 
crural  fascia,  medial  to  the  medial  border  of  the  tendo  calcaneus,  and  behind  the  tendons  of  the 
tibialis  posterior  and  flexor  digitorum  longus.  Still  holding  the  same  relation  to  the  tibial  nerve, 
the  posterior  tibial  artery  enters  the  sole  by  passhig  beneath  the  ladniate  ligament  midway  between 
tlu'  internal  malleolus  and  the  inner  maigui  of  the  tendo  calcaneus,  and  beneath  the  abductor 
hallueis  I  as  viewnl  from  the  plantar  surface)  the  artery  divides  into  its  two  terminal  branches, 
the  medial  and  lateral  plantar  arteries. 

During  its  course  down  the  leg  the  posterior  tibial  artery  gives  off  numerous  muscular 
branches  to  the  solcus  and  especially  to  the  deeper  musdes,  and  also  some  branches  which 
pierce  the  intcnisaeoos  membrane  and  supply  the  anterior  musdes.  The  other  branches 
are: 

1.  The  fibular  branch  (Fig.  581),  a  larg«  muscular  branch  to  the  soleus,  which  runs  toward 
the  head  and  neck  of  the  fibula,  supplies  the  musdes  arising  in  this  situation,  and  anastomoses 
with  the  lateral  genu  inferior  artery. 

2.  The  peratieal  artery  (Figs.  580  and  581)  arises  at  an  acute  angle  and  passes  downward 
situated  deeply  in  the  lateral  portion  of  the  leg;  its  course  h  nearly  parallel  with  that  of  the  ]K)stc- 
rior  tibial  and  its  caliber  is  almost  as  great.  It  at  first  lies  between  the  soleus  and  the  origin  of 
the  tibialis  posteruMT  or  of  the  flexor  hallucts  longus,  and  lower  down  between  the  llexor  hallucis 
longtB  and  the  interosseous  membrane.  It  breaks  up  into  its  tenninal  raoufications  bdow  the 
external  malleolus  at  the  outer  side  of  the  calcaneus. 

During  its  course  Ixtwwn  the  muscles  of  the  leg  the  |>cronral  artery  gives  off  numerous 
muscular  brandies,  particularly  to  the  soleus,  lo  the  jxTonan,  and  to  the  flexor  hallucis  longus, 
and  also  gives  origin  to  the  nuirieHi  artery  oj  the  ftbula.  The  distal  as  well  as  the  terminal  branches 
are  designated  by  special  names: 

(a)  The  pcrjoraling  {anterior  peroneal)  branch  (Fig.  582)  is  usually  but  a  small  ^•<--sel  \\hich 
pierces  the  lower  jiortion  of  the  interosseous  membrane,  ramifies  in  the  extensor  digitorum  and 
pcron<eus  tertius,  and  ends  in  the  lateral  malleolar  rete.  This  branch  is  occasionally  large  and 
cither  partly  or  wholly  replaces  the  dorsal  artery  of  the  foot,  in  which  case  the  peroneal  artery 
\»  also  unusually  large. 

(/*)  The  coinmutiii  aiing  branch  \\'\%.  581)  passes  transversely,  joining  the  j>osterior  tibial 
artery.  It  runs  alxjw-  the  talocrural  artieulation  over  the  lower  extremity  of  the  tibia  in  front  of 
the  llexor  digitorum  longus,  and  raiiiilics  in  the  bone,  in  the  calcaneal  tendon,  und  [>arliy  also 
in  the  musdes. 

•  The  rcUtioii  of  thcM  v«taels  nujr  alio  be  aUted  by  wyiag  tb«t  the  popUleal  artery  subdivides  into  three  branches: 
the  aoterior  tifaial  arterr,  the  posterior  tilnal  artery,  and  the  peroneal  artery.  The  two  hitter  branches  are  the  aelml 

trrmlnats,  the  first  l.r.^nrh  h.w  in^  1-  i  n  j  in  \  iousl  v  given  off-  [It  may  l;c  adrJcd  that  cmtin-ologitally  tlie  pCfODeal  Is  tho 
primary  artery  of  the  leg  and  represents  the  original  direct  prulongatktn  of  the  popliteal. — Ld.] 
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Fig.  579. — The  vessels  and  nerves  of  the  posterior  suiiace  of  the  leg  (superficial  layer). 

The  ga«rornemius  haa  been  divided  and  rcflri-|c<l. 
Fig.  580. — The  vesiseb  Mid  nerves  of  the  pi>sterior  surface  of  the  leg  (middle  layer). 

Dissection  as  in  Fig.  579,  except  that  the  sulcus  has  also  bcscn  divided  and  drawn  aside. 
Fig.  581. — The  ves.sel.s  and  nerves  of  the  posterior  surface  of  the  leg  (deep  layer). 

Dissection  as  in  Fig.  580,  except  that  thr  ]«  i  litcil  (.inal  has  been  opened  and  an  oUicjue  portion  excised  from 
the  lower  part  ot  the  fiexor  haUuda  Jongus.    The  litjial  nerve  has  tieen  drawn  to  one  tide.    *  —  Muacular  bcanchea. 
Fig.  589. — ^The  vessels  and  nerves  of  the  anterior  surface  of  the  leg  and  of  the  dorsum  of  the  foot. 

The  jMToriaus  InritruN  iiri't  i.\*rn'v.r  ili^ilntuni  !i,ivf  '.xin  iliviclcd  lr,  cvjki'u-  tin  (Ifvision  of  thr  rornmon  peroneal 
nerve.  The  extensor  hatlucis  longus  and  the  peroneal  nerve  have  been  drawn  to  one  side  and  one  band  of  the  cruciate 
ngMMnt  removed. 


(r)  The  poOerior  lateral  nudleohr  artery  (Fig.  581)  jtnns  with  the  anterior  lateral  malleolar 
lurailch  of  the  anterior  tibial  artery  to  form  the  lateral  malleolar  rete  f'^ee  page  75). 

{d)  The  lateral  calcaneal  branches  (Fig.  581)  arc  terminals  and  unite  with  the  medial  cal- 
caneal branches  of  the  poaterior  tibial  to  form  the  calcaneal  rete  (sec  page  75). 

3.  The  nutrieni  artery  of  Ike  /lUa  usually  arises  together  with  the  muscular  branches  and 
passes  through  the  nutrient  t  anal  to  the  medullary  cavity.  Li  coDformity  with  the  tax  of  ikis 
canal  it  is  the  larjrest  nutrient  artery  in  the  body. 

4-  The  medial  posterior  malleolar  artery  (Fig.  581)  sends  several  branches  between  the  dexor 
tendons  and  the  httemal  malleolus,  some  cl  them  being  suix;rficial  to  the  tendons,  to  the  mtonal 
malleokr  rete  (see  page  7$). 

5.  The  medial  calcaneal  branch  or  branches  (Fig.  581)  ari<e  jir^t  l>cforc  the  bifiu'catioa  of 
the  posterior  tibial  in  the  vicinity  of  the  laciniate  lipiment,  and  pass  to  the  f«lc**!^ftl  rete. 

The  two  terminal  branches  arc  diaiributtd  a»  follows: 

6.  The  medial  plantar  artery  (Figs.  584  to  586)  is  the  smaller  of  the  two  terminals.  It 
aibes  from  the  bifurcation  of  the  posterior  tibial  above  the  abductor  halluds,  and  divides  into 

a  small  superficial  and  a  lar<3;er  diep  Ijranth.  The  superficial  branch  i>  initintliately  beneath 
the  plantar  aponcurost';  and  ramitics  in  the  alxiurtor  hallut  i--  and  in  the  integument.  The  deep 
branch  is  dislributcil  to  the  muscles  of  the  great  loc,  and  at  the  ba.>>c  of  liii.^  digit  aids  in  the  forma- 
tion of  the  medial  plantar  digital  artery  of  the  great  toe  (see  page  76). 

7.  The  lateral  plantar  artery  (Figs.  585  and  586),  the  larger  terminal  branch,  nms  obliquely 
across  the  proximal  jwrtion  of  the  •~ole,  silu;ite<l  (le(  |)ly  between  the  fit  xor  digitorum  brevis  and 
the  qiiadrn«'j<;  j^l.mtre,  toward  the  outer  lx)rtier  of  the  fool,  and  ;hen  run;;  rather  pnperfK  ially, 
together  with  the  lateral  plantar  nerve,  through  the  lateral  plantar  sulcus.  The  termination  of 
the  artery  passes  between  the  abductor  hallucis  and  the  plantar  interassei  Into  the  depths  of  the 
sole,  where  it  pursues  a  curved  course  as  the  plantar  arch  (sec  page  75).  In  its  course  through 
the  sole  it  gives  off  (»rant  hi  s  to  the  nei^^hborini;  mu-eles,  es[H?cially  to  the  ilexor  digitorum  brevis, 
the  quadratus  planta-,  and  the  alxiuciur  minimi  digiti,  and  also  gives  origin  to  the  artery  for  the 
lateral  surface  of  the  fifth  digit,  the  lateral  plantar  digital  artery  jor  the  ftjth  digit. 

THE  ANTERIOR  TIBIAL  ARTERY. 

The  anterior  tibial  arterv  (Figs.  581  to  ^80  is  the  arter)'  for  the  anterior  aspect  of  the  leg 
and  for  the  dorsum  ot  the  foot;  its  terminal  branch,  however,  extends  to  the  sole  of  the  toot,  it 
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arises  together  with  thr  prKterior  tibial  arten,'  at  the  bifurcation  of  the  poph'tcal  artery  in  the 
popliteal  canal,  and  immediately  after  its  origin  pa;>se^  forward  between  the  tibia  and  fibula, 
above  the  inteioaseous  membrane,  to  reach  the  anterior  aspect  of  the  leg.  Upon  the  anterior 
surface  of  the  interosseous  membrane  it  passes  downward  medial  to  the  deep  peroneal  nerve, 
being  situated  in  the  upper  portion  of  its  course  in  the  interspace  between  the  tibialis  anterior  and 
the  extensor  longus  digitorum,  and  in  the  lower  portion  between  the  tibialis  anterior  and  the 
extoisor  hallucis  longus.  As  it  passes  behind  and  beneath  the  cruciate  ligament  to  the  dorMim 
of  the  foot,  it  b  crossed  1^  the  extensor  hallucis  longus,  so  that  at  the  lower  extremitjr  of  the  leg 
the  anterior  tibial  artery  is  atuated  between  the  extensor  digitorum  and  the  extensor  hallucis. 
Upon  the  dorstnn  of  the  foot  the  immediate  continuation  of  the  artery  is  termed  the  dorsalis  pedis. 

During  its  course  in  the  leg  the  anlLrior  tibial  arten'  jjfives  numerous  muscular  branches  tO 
the  extensors.    It  also  gives  ofi  the  foliou  ing  specially  named  branches; 

1.  The  poOenar  tibiat  reatrreiU  artery  (Fig.  581)  arises  fsnm  the  anterior  tibial  before  it 
reaches  the  anterior  surface  of  the  interosseous  memtesne,  ascends  toward  the  head  of  the  fibula, 
and  ramifies  in  the  soleus  and  in  the  adjacent  muscles.   This  artery  is  not  always  present. 

2.  The  anterior  tibial  recurrent  artery  (Fig.  5S2)  is  a  constant  and  rather  larp;e  branch,  which 
takes  origin  from  the  anterior  tibial  just  after  the  latter  vessel  has  pa-ssetl  the  interosseous  mem- 
brane. It  ramifies  in  the  origins  <rf  the  extensor  digitorum  longus  and  tibialis  anterior,  and 
passes  upfward  on  the  anterolateral  surface  of  the  knee-joint  to  terminate  in  the  articular  rete  of 
the  knee. 

The  lateral  anterior  malieolar  artery  fFi^s,  582  and  583"^  pafises  to  the  lateral  malleolus 
between  the  bone  and  the  extensor  digitorum  longus  and  anastomoses  in  the  lateral  malleolar  rete 
with  the  perforating  brandi  of  the  peroneal  artery  and  with  the  lateral  posteriw  malleolar  arteiy. 

4.  The  medial  anterior  maUeetar  artery  (Fig.  583),  occasicmally  double,  passes  between  the 
lower  end  of  the  tibia  and  thi  tendons  of  the  lihialir;  anterior  and  cxten->or  hallucis  to  the  medial 
malleolar  rete.  where  it  anaiitomoses  especially  with  the  medial  posterior  malleolar  artery  from 
the  posterior  liljial. 


The  ilorsa!  artery  nj  the  jnot  ilorsalis  pedis)  (Figs.  582  and  58  0  (he  immcdta!c  continuation 
of  the  anterior  tibial  artery.  It  runs  forward  superficially  beneath  the  fascia  oi  the  dorsum  of 
the  foot,  in  the  interspace  between  the  tendons  of  the  extensor  hallucis  longus  and  extensor  hal- 
Itids  brevis,  U»  the  first  hitcrosseous  metatarsal  space,  where  it  divMes  into  its  two  terminal  branches, 
the  first  dorsal  metatarsal  artery  and  the  deep  plantar  liranch.  Before  this  terminal  bifurcation, 
the  arter)',  which  is  otherwise  f=iiperfirial,  is  cro^stil  by  tbt-  extensor  hallucis  brevis.  In  addition 
to  the  terminal  branches  and  small  twigs  to  the  neighboring  structures  it  gives  otT  the  following 
branches: 

r.  The  UOerai  tarstd  artery  (Fig.  583)  arises  from  the  commencement  of  the  artcsy  and  passes 
beneath  the  extensor  digitorum  and  the  extensor  hallucis  toward  the  outer  border  of  the  foot, 

giving  muscular  branclu*  to  both  short  extcn^or^  and  i\\  i;_:s  to  the  joints  and  l)ones  of  the  tarsus. 
Branches  also  run  proximally  to  enter  the  lateral  malleolar  rclc,  and  a  rather  larger  branch  passes 
distally  to  connect  with  the  arcuate  artery. 
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FiG.  583. — ^The  vcBsds  and  nerve»  ol  the  dorsum  of  the  foot  (deep  layer). 
The  cruciate  lipiinent  Inis  been  removed  as  has  alao  the  grcaicr  portion  of  (he  ejtlenior  digiloruin  loogus,  the 

etJensor  tligilorum  l  u  si'-,  :in<l  the  cxtcnwir  hallucis  lircvis.  The  supcrfuial  nerves  have  also  hcvn  lul  away  except 
upon  the  toes,    -f     Lxtcrnal  (motor)  terminal  branch  of  the  dtxp  peroneal  nerve.    +  +  ~  Articular  fiJ«nieata. 

Fir>.  $84. — ^The  superficial  vessels  and  nerves  of  the  sole  of  the  foot. 

Til,  l:i;ini.,ip  lt.f:ri"irnt  h,,s  l-rn  divi.M.  »  I'laniar  ctttaJNOUS  brancbes  of  the  medial  pbatar  nerve. 
*♦  -   riantar  (.ulancous  branches  of  the  lalcrul  placUir  nerve. 


2.  The  medial  tarsal  arteries  (Fig.  583)  are  two  or  three  small  twigs  which  arise  more  dis- 
tally  than  the  Intera!  tarsal  artery.  They  run  toward  the  medial  border  of  the  foot  and  end  in 
the  medial  malleolar  rcte. 

3.  The  arcuate  (metatarsal)  artery  (Fig^.  582  and  583)  arises  over  the  distal  poztiai  of  the 
tarsus  and  pursues  a  slightly  curved  course  hencath  the  extensor  digitornm  brevis  to  the  outer 
border  of  the  foot  in  the  vicinity  of  the  tulK-Tosity  of  the  fifth  metatarsal  bone,  and,  by  anasto- 
mosing by  several  !)ran(-hc<  with  the  lateral  plrsnfar  a^1er^■,  forms  the  widi-  meshed  dorsal  rete 
oj  the  foot.  From  this  rcte  arises  the  laieral  dorsal  digital  artery  0}  lite  fijlk  digit.  The  arcuate 
artery  gives  small  twigs  to  the  neighboring  bones  and  joints  and  also  three  larger  brandies.  These 
are: 

The  second,  third,  and  fourth  dorsal  met<itarsal  arteries  (Fig.  583),  which  run  \i\ion  the  dorsal 
surfaces  of  the  ihrcr  lateral  dorsal  inlcros'^ci.  which  they  supply.  .\t  the  ba^e  of  the  toes  each 
dorbol  metatarsal  arterj'  divides  into  two  dorsal  digital  arteries  for  the  contiguous  surfaces  of  the 
toes,  these  vessels  being  teimed  respectively  the  medUd  and  the  UUerid  dorsal  digital  arteries. 
They  are  distributed  in  exactly  the  same  manner  as  the  analogous  vessels  in  the  fingers. 

4.  The  first  dorsal  ntetotarniil  artery  (Fig.  583),  the  smaller  terminal  branch,  runs  over  the 
dor«al  surface  of  the  first  (.lor-.al  inuTos>^eou'^  mu^rle,  passes  beneath  the  extensor  hallnci?  brev  is, 
and  divides  at  the  base  of  the  great  toe  into  the  lateral  dorsal  digital  artery  of  the  hallu.x  and  ihc 
mediai  dorsad  digital  artery  0}  the  second  digit.  It  also  occasionally  gives  off  the  medud  dorsal 
digittd  artery  of  the  hallux,  the  origin  of  which  is  variable  (see  i.>age  76). 

5.  Tlu-  dfi-p  plantar  branch  i'Figs.  583  and  sSrVi,  the  larger  terminal  of  thi'  dorsali-  jx-di'^, 
passes  between  tiie  heads  ut  the  first  dorsal  interosseous  muscle  to  reach  the  sole  of  the  foot, 
where  it  joins  the  lateral  plantar  artery  to  form  the  plantar  arch  (see  page  75). 

THE  ARTICULAR  RBTIA.  OF  THE  LOWER  EXTREMITY. 

In  the  lower  extremity  retia  an  found  not  only  in  the  neighborhood  of  the  main  joints  but 
also  over  projecting  bony  prominences.    These  retia  are: 

1.  I'he  trochanteric  rete  (Figs.  577  and  717)  is  a  small  network  situated  nvrr  the  great  Iro- 
thanlcr,  and  is  supplied  by  branches  of  the  sujxTior  gluteal,  mferior  gluteal,  ami  lateral  circum- 
flex femoral  aitoies.  It  is,  therefore,  an  anastomosis  of  branches  from  the  hypogastric  and 
femoral  arteries. 

2.  The  articular  rete  of  the  kne<  Fi;::-.  57;;,  -74,  and  582)  is  the  largest  articular  rcte  of  the 
intiri'  IxkIv.  It  is  situate*!  over  the  asiterior  and  lateral  surface^  of  the  knee-joint,  partly  super- 
licial  as  the  patellar  rete  upon  the  anterior  surface  of  the  patella,  and  partly  behind  this  bone  and 
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the  patdlar  l^uncnt  and  laterally  to  them  behind  the  fascia  and  the  lateral  ligaments,  and  in 

the  interior  of  the  joint.  It  is  form«J  by  branches  of  the  genu  suprcma  from  the  femoral  artcrj', 
l)y  tvMgs  from  the  hvL-  grnual  branches  of  popliteal  artrry,  ]>y  the  tibial  recurrent  arteries  (by 
the  anterior  and  partly  also  by  the  |X)sterior),  by  the  anterior  tibial  artery,  and  usually  also  by 
the  fibular  branch  of  tlic  posterior  tibial.  Anastomoses  occur  not  only  between  the  branches 
coming  from  above  and  from  bdow  on  the  same  side  but  also  transveisdy  between  the  aitedcs 
of  the  lateral  and  me<lial  surfaces  of  the  joint. 

t  The  niiiliii!  tnaHcoiar  r,!r  iVly;.  is  -ituated  superfirially  upon  the  medial  malleolus, 
and  is  formed  by  the  anastomoses  of  twigs  of  the  medial  anterior  malleolar  artery  from  the  anterior 
tibial,  of  the  medial  posterior  malleolar  artery  from  the  posterior  tibial,  and  of  the  medial  tarsal 
arteries  from  the  dtMsalts  pedis. 

4.  The  lateral  malleolar  rele  (Figs.  582  and  583)  is  placed  superficially  upon  the  lateral 
malleolus,  and  i=  formed  by  twigs  from  the  lateral  anterior  malleolar  arter}'  from  the  anterior 
tibial,  from  the  lateral  .posterior  malleolar  and  perforating  branches  of  the  peroneal  artery,  and 
ffttn  the  lateral  taisal  artery  from  the  doxaalu  pedis. 

5.  The  adeatteal  rete  (jhg,  581)  b  a  superficial  network  between  the  calcaneus  and  the  fatQr 
layer  of  the  sole,  and  is  fonned  by  the  lateral  calcaneal  branch  of  the  peroneal  artery,  by  the  medial 
calcaneal  hranrh  of  the  posterior  tibial,  and  by  anastomoses  with  the  two  malleolar  retia. 

6.  The  dorsal  rele  oj  the  jool  (Fig.  583)  is  a  wide-meshed  network  upon  the  dorsal  surfaces 
of  the  distal  tarsal  hones  and  of  their  articular  capsules,  and  e  kxmed  hy  anastomoses  of  die 
arcuate  and  latent  plantar  arteries. 


In  a  general  way  the  arteries  of  the  dorsum  of  the  foot  (Fig,  583)  are  distributed  like  the 
analogptis  vessels  in  the  hand.  The  dorsal  artery  of  the  foot  corresponds  to  the  radial  artery 
in  the  hand,  ahd  its  ramifications  have  previously  been  described.  In  the  sole  of  the  foot,  however, 

th(  ( ondiiions  are  markedly  different,  since  there  is  but  a  single  arterial  arch  in  this  situation, 
the  plantar  arch  (Fig.  586),  formed  by  the  anastomosis  of  the  deep  terminal  branch  of  the  lateral 
plantar  artery  with  the  deep  plantar  branch  of  the  dorsal  artery  of  the  foot.  It  is  convex  ante- 
riorly, is  situated  near  the  middle  of  the  length  cl  the  metatarsal  bones  in  immediate  contact 
with  the  plantar  interossei,  and  is  covered  upon  its  plantar  aspect  by  the  oblique  head  of  the 
adductor  halhu  is.  In  addition  to  small  muscular  ami  articular  l)rani  hes,  the  plantar  arch 
gives  origin  to  four  plantar  metatarsal  arteries  {Vli!,^.  5S4  to  ^SfVi,  vs'liich  rv.n  lowani  llu-  toc^  in 
the  interosseous  spaces.  The  largest  of  these  is  the  mctiial  jlrsl  plantar  metatarsal  artery  anti  the 
smaUcst  b  the  lateral  fifth  fkmtar  mOatarstd  artery.  The  fust  plantar  metatarsal  artery  runs 
between  the  two  tendons  of  insertion  of  the  flexor  brevts  halluds  and  always  unites  with  the 
termination  of  the  di-ej)  branch  of  the  mclial  ])!antnr  nrtrrv  to  form  the  internal  (tibial)  plantar 
digital  artery  oj  the  hallux.  It  then  divides  into  the  lateral  {jibular  >  plantar  digital  artrry  the 
hallux  and  the  medial  {tibial)  plantar  digital  artery  0}  the  second  digit,  .-^itcr  pa.^sing  aljove  the 
transverse  head  of  the  adductor  hallucis,  each  of  the  remaining  plantar  metatarsal  arteries  divides 
at  the  bases  of  the  toes  into  a  medial  {tibial^  and  a  latertd  (fibidar)  plantar  digital  artery  for  the 
contiguous  surfoces  of  the  digits. 
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Fit..  585. — The  vessels  and  nencs  of  the  sole  of  the  foot  (middle  layer). 
The  abductor  balludtt  has  been  divided  and  the  grcMtcr  pcirtion  of  the  flexor  di^turum  brcvis  removed  togethei 
with  the  pbrnwrsponeurani.  *  »  Braadi  to  fleior  digitonim  btevit.  **- Branch  to  qu«dnitut|»lBnUe.  ***^DiTidod 
cutaneous  branch. 

Fic.  5i>{j.— The  vc>sels  and  nerves  of  the  .mjIc  of  the  foul  (deep  layer). 
I>is!<cr|inn  as  in  Fig.  5S5.    There  have  also  l)C*n  divided  the  tendon  of  the  ticxor  hal]u(i»  limgus,  the  ()un']raiuB 
plaaia:,  and  the  tcndooa  lA  th«  flesor  digitorum  longuSi  the  oblique  head  of  the  adductor  balliicii^  luid  the  medial  ]4antar 
nerve. 


Ever}'  toe  in  the  foot,  like  every  linger  in  the  hand,  has  lour  arteries — two  bmall  dorsal 
arteries,  which  extend  only  as  far  as  the  second  phalanx,  and  two  laiger  pUmtar  arteries. 
These  are: 

fx)  IN  THE  DORSUM  OF  THE  FOOT  CFlg.  5*3). 

1.  The  medial  {tibial)  dorsal  digital  arlcry  of  the  hallux,  usually  from  the  first  dorsal  meta- 
tarsal artery,  sometimes  also  partly  from  the  medial  plantar  artery. 

2.  The  htkrid  (fhuter)  dorsal  digiua  artery  of  the  haUux  and  the  mtiM  (tibid)  ierad  digital 
art^y  oj  the  second  digit  from  the  first  dorsal  metatarsal  artery. 

3.  The  latrral  ^^ihtihr)  dorsdl  digital  arlrry  o'j  thr  sixond  digit  and  themen^M^  (tiUoi)  doTSol 
digital  artery  oj  the  third  digit  from  the  second  dorsal  metatarsal  artery. 

4.  The  lateral  (fibular)  dorsal  digital  artery  oj  tlie  third  digit  and  the  medial  {tibial)  dorsal 
digUal  artery  of  the  fourth  digit  from  the  third  doisal  metatarsal  arteiy. 

5.  The  lateral  (fibular)  dorsal  digital  artery  oj  the  fourth  digit  and  the  meditd  (tUnaf^  dorsal 
digital  arlcry  oj  Ihr  ftjth  Jigit  from  the  fourth  dorsal  mctntarsa!  artery. 

6.  The  lateral  (fibular)  dorsal  digital  artery  oj  the  fijth  digit  from  the  dorsal  rctc  of  the  foot. 

(i)  IN  THE  SOLE  OP  THB  FOOT  (Pin.  5S4  to  5M). 

1.  The  medial  (iihi,il  i  pLmiar  digital  artery  of  the  hallux  from  the  first  plantar  metatarsal 
and  the  medial  plantar  arteries. 

2.  The  hUer<U  {fibular)  plantar  digital  artery  oj  the  hallux  and  the  medial  {tibial)  plantar  digital 
artery  of  the  second  digit  from  the  first  plantar  metatarsal  arteiy. 

3.  The  lateral  {fibular)  plantar  digiUU  artery  of  the  second  digit  and  the  medial  (tibid)  plantar 
digital  artery  of  the  third  dif^i!  from  the  second  plantar  metatarsal  arter>'. 

4.  The  lateral  (fibular)  plantar  digital  artery  oj  the  third  digit  and  the  medial  (tibial)  plantar 
digital  artery  oj  the  fourth  digit  from  the  third  plantar  metatarsal  artery. 

5.  The  lateral  (fibular)  ptautar  digital  artery  of  the  fourth  digit  and  the  medial  (tiHtd)  ftantar 
digital  artery  of  the  fijth  digit  fnan  the  fourth  plantar  metatarsal  arterj'. 

6.  The  lateral  (fibular)  ^antar  digital  artery  of  the  fifth  digit  from  the  lateral  plantar  artery. 

THE  VEINS. 

tht  I>ev«lepiii«ot  of  tb«  Venom  STitein.— In  the  course  of  emfaryonfc  life  the  venous  system  h  greatly  ch.ingi'.) 

from  its  original  condition.  In  the  first  Slagi-  of  the  embryonic  circulation  two  lar«e  cur\<fi  venous  trunks,  designated 
as  the  duett  oj  Ciwier,  each  of  which  collects  the  Ll<Md  from  its  side  01  the  body,  empty  into  the  heart  by  a  transmar 
connection,  the  nnut  mtnunt.  This  linut  reuniens  it  labaeqtienlly  included  in  the  heart  and  becomes  the  sinus  of  the 
veme  caw  of  the  r^ht  atrium  (see  Vol.  II,  pages  171  nad  i^). 
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Each  duct  of  Cuvicr  is  formed  l<y  the  union  of  iwo  large  venous  trunks,  the  primitive  jvgtilwvein  from  the  cephalic 
region  and  the  cardinal  vtin  from  the  budy  wall  (and  from  the  still  relatively  »mall  lower  half  of  the  body).  [The  primitive 
jugular  vein  subsequently  becomes  the  internal  jugular,  while  the  external  jugular  appears  later  as  a  prolongation  down- 
ward oC  the  fkcial  vein. — Eo.]  The  subclavian  vein  origiiuUes  as  a  lateral  branch  of  tbe  primitive  jugular  vein.  The 
cardinal  veins  are  tlie  {oienranefs  of  the  axyfo*  and  heniS^xjpgos  veins,  and  their  radfelM  collect  the  Uood  from  the 
ly"-?v-',v.il'.s  and  also  frorr.  the  r.l.>li\v'y  sw.aW  tnwer  extremities,  the  infrriur  \<-na  tav.i  n  it  t  \tsu:ii;  at  (liis  tinu-,  and  tVic 
uiiiLiiiii_al  vtin  jjaWiig  dircLily  to  ihc  sinus  twuiiicn*.  The  first-formed  i.Hjrtitms  iliu  vinous  i)slcin  a-rg  toiisenuentiy 
paired  throughout. 

Tbe  first  nodificaUoa  of  this  primitive  condition  ocom  in  the  region  of  the  ducts  of  Cuvier.  Tbe  oblique  poiitioa 
nt  the  heart  bvon  the  flow  of  the  Tenous  blood  to  the  T%ht  half  of  the  body  of  tbe  embryo,  and  the  growth  of  the  left 
duct  of  Cuvicr  lu  i  nVTii  s  ;rr(";t'-'d,  a  portion  of  its  blood  passir-.;  intu  the  ri;;;1it  dut  t  tlirough  ;i  tr-insvi-rit:  anrist'inuisi^^ 
Ibe  flubfequent  lett  innominate  vein.*  Tbe  right  duct  uf  Cuvicr  bct-umcs  the  sujierior  vena  cava,  while  the  ieft  duct 
becomes  obliieratc-d  from  the  cri^  of  the  previously  mentioned  transverse  anastomosis  to  the  terminal  portion,  which 
hai  come  to  lie  in  the  corannry  ■nkiw  aa  »  retuU  of  (he  niUtioo  of  the  heart  and  which  forms  the  «amuiy  sinus  and 
the  left  oUiqne  wia  of  the  atrium.  The  oUiiemtied  portloo  becomes  the  fold  (HgameBl)  of  tha  left  vnn  cava  (see 
Vd.  II.,  page  tSa). 


Fio.  $86, Diagrams  showing  tbe  development  of  the  inferior  vena  cava:  In  i<  is  shown  the  hepatic  portion 
together  with  the  cardinal  and  subcsrdtnal  veins;  in  A  b  ahown  the  formatioa  of  the  poalranal  portion  from  the  right 
cardin.t*.  md  in  c*  its  formation  by  the  fusion  of  the  lupracardinals.   The  hepatic  portion  is  itynesmted  in  solid 

bia«:k;  the  subcardioal  porlioB  is  shaded. 

[The  inf.'ri'-ir  \crta  fa\-:i  !<  rcj irfv-nl.  <'  In  thf  rnrlirr  fti^^cs  on'v  liv  tVint  ['"rl'nn  of  the  cidull  vein  wJiith  •iitrrv<  ncS 
between  die  entrance  ut'  Ihc  hectic  vciiis  and  the  right  attium,  this  puruon  reprc-senuiig  itte  upper  ciid  u)  the  tiuilus 
venosus  (sec  VoL  II.,  page  i6i)).  The  drainage  of  the  abdominal  walls,  the  paired  abdominal  and  the  pelvic  visi  crn,  and 
the  lover  limb  passes  at  this  auge  through  the  cardinal  vein.  Later,  by  the  *nssiamoiis  of  mcsenlcfial  aflcrents  of  the 
canfinals,  there  b  formed,  ventral  to  each  kidney,  a  longitixlinal  stem,  the  nheafHwdvttns,  and  between  these,  especially 
at  the  level  of  the  rcn;d  vt  ins,  (  ros^  .inAstn.-iiu'-^  h  .irf  tUrmcd,  and  the  n'u'lt  Sir  X  ardlnal,  furt1:i  r:iii)n  ,  ir.iki  s  (  -rni  rtion 
above  with  the  portion  of  the  vena  cava  already  in  existence.  Later,  the  left  Mbcardinal  practically  disappears  and 
(he  upper  altdomiaal  portioBS  of  both  cardinals  dbo  degenerate,  so  that  the  right  aubcardlnal  becomes  the  drainagie 

^Thc  right  innominate  vein  ori^^natrs  from  the  terminal  portion  of  the  primitive  jugvlar  TUB  (between  the  right 
duct  oi  Cuvicr  and  tbe  ocilkc  of  the  internal  jugular  and  subclavian  veins). 


A. 


B. 


C. 
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stem  for  both  kidneys  and  forms  a  iu<cond  sogmrnt  of  thr  vena  cava  inferior — namely,  that  mter\'ciung  between  the  origiiwl 
portkm  derived  from  the  ductut  wmni*  uul  the  level  of  the  renal  mnft'-or  it  nuy  beufu  domaathe  T%ht  inttfiul 
■pemiMic  vein. 

As  regards  the  fomuidon  of  the  lowest  portion  of  the  inferior  csts,  two  iwaaihlBttea  enit.   It  is  amsUy  described 

;is  i!i  v<  Irijun;-  hi'tv.  th<-  l<nvcr  portion  of  the  right  cardinal,  tin-  kfl  ci.nnnnii  il!;u  viin  opening  into  this  vein  hy  rnrans 
of  d  cnm  connifctiotk  which  develops  bct^Ten  the  two  curdinaiii  M  the  level  of  ttie  entrance  of  the  iliacs  into  them. 
The  lower  part  of  the  left  cardinal  then  disap|)ears,  except  the  small  portion  intervening  between  the  left  repal  and  the 
left  internal  spermatic  vdm,  and  the  persistent  portioa  of  the  right  cardinal  unites  with  the  portion  of  the  ircua  am 
fanned  by  the  right  subcsrdinal. 

According  to  another  view,  the  lower  or  postrenal  portion  of  the  inferior  cava  i»  formed  by  the  coming  together 
of  two  additional  longiiudiaal  itcnM*  the  sufracardinais  (McClure),  which  develop  along  a  line  dorsal  to  both  the  car- 
dinals and  the  tubeardlnals,  and  eventually  eompletdy  tefriace  the  lower  portions  of  the  oii^aai  oudlnals.  Numerous 
cross  anastomoses  occur  lielween  the  cardinals  and  the  collaterals,  and  by  means  of  thr=<-  the  iliac  and  lumbar  veins 
transfer  their  blood  from  the  cardinals  to  the  collaterals.  The  right  internal  spermatic  veiti  traii<»fers  its  connection  from 
liie  right  cardinal  to  the  lower  part  of  the  persistent  right  subcardinal,  while  the  left  internal  spermatic  retains  its  open* 
ing  into  the  left  cardinal,  the  portion  of  that  vein  between  the  entrances  of  the  internal  spermatic  and  renal  veins  per- 
aatiiig.— Ed.] 

The  veins  of  the  Lesser  or  Pulmonary  Qroulation. 

THE  mJUNASY  VEINS. 

In  the  vicinity  of  the  root  of  the  lung  upon  eillier  side  there  are  usually  formed  two  vebs, 
known  as  the  right  and  left  ptdmonnry  veins  (Figs.  148,  519,  and  52  Vi-  They  arc  short, 
wide,  valvclcss  trunks  about  ij  cm.  in  length,  and  arise  in  a  rather  variable  manner  within  the 
root  of  the  lung  by  the  coalescence  of  the  larger  veins  of  the  lung  as  they  lie  in  the  pulmonary 
hilus  betow  the  larse  branchea  of  the  bronchi. 

A  sujwrior  and  an  inferior  pulmonar\'  vein  come  from  each  lung.  The  two  veins  from  each 
lung  emyity  rl(v<;e  together  into  llu'  left  alrium  (see  Vol.  II.,  page  179),  while  the  terminations 
of  the  veins  of  opposite  sides  arc  separated  from  each  other  by  a  distance  of  about  3  cm.  All 
four  veins  pierce  the  pericBrdium  before  opening  into  the  atrium. 

The  right  and  the  left  pulmonaiy  veins  do  not  pursue  exactly  the  same  course.  The  right 
veins  are  somewhat  k>ni  '  in  the  left  and  run  in  the  pericardium  behind  the  lower  portitm  of 
the  superior  vena  cava  and  ilie  sinus  of  the  venae  cavre  of  the  right  atrium,  but  their  rour'ip,  like 
that  of  the  somewhat  shorter  vessels  of  the  left  side,  is  almost  transversely  from  the  pulmonary 
hilus  to  the  left  atrium. 

The  pulmonary  veins  cany  art^al  blood — i,  e.,  Uood  rich  in  oxygm  and  poor  in  carbon 
flioxidc — and  not  vi-nous  bloo<l,  like  the  systemic  veins.  In  contrast  to  the  pulmonary  artcrio>, 
which  hrlnncj  cxrlu'^ivrly  to  the  ptilmnn.Tr}'  circulation,  the  pulmonary  nreive  a  few  bron- 

chial veins  and  ana,siomose  with  small  veins  of  the  mediastinum,  so  that  they  carry  traces  ot  the 
venous  blood  of  the  systemic  circulation. 

The  veins  of  the  systemic  ORculatiopi, 

The  veins  of  the  systcmir  riri  ul.ilion  which  collect  the  blood  distributed  by  the  branches 
of  the  aorta  do  not  unite  to  form  a  single  trunk,  but  are  comjxjsed  (i)  of  the  cardiac  veins,  which 
empty  separately  into  the  heart,  and  (2)  of  the  two  vemc  cava:,  which  correspond  to  the  remaining 
brandies  of  the  aorta.  The  superior  vena  cava  cairies  the  blood  from  the  upper  half  of  the  body 
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to  the  heart,  while  the  inferior  vena  cava  carries  the  blood  from  the  lower  half.  It  slioukl  be 
nfitifl,  however,  lhai  a  jiortton  of  the  blo<xl  from  the  lo^vcr  half  of  the  bodv  namel\-,  pan  of 
iliat  derived  from  the  jwsterior  abdominal  walls — is  conducted  to  the  superior  vena  cava  by  ihe 
azygos  vein.* 


Almost  all  of  the  rardiac  veins  (¥\^.  536  and  537^  empty  into  a  large  common  trunk,  the 
coromry  sinus  of  the  heart,  which  delivers  its  blood  to  the  right  atrium.  Some  of  the  smaller 
veins,  however,  empty  hy  sepatale  orifices. 

I.  The  coronary  smut  &f  tkt  iearf  (Fig.  537)  is  a  short,  broad,  diick,  valvdess  trunk, 
situated  in  the  posterior  portion  of  the  coronary  sulcus  of  the  heart,  and  is  the  direct  continuation 
of  the  f:^pat  carrliar  vein.  In  addition  to  this  vein  it  also  receives  the  middle  and  the  small  car- 
diac as  well  as  a  lew  other  small  veins.    II.^  tributaries  arc: 

I.  The  ^eal  cardiac  vein  (Figs.  536  and  537),  the  largest  of  all  the  cardiac  veins,  is  valve- 
less  like  its  fellows,  and  seems  to  be  the  immediate  continuation  of  the  coronary  sinus  in  the 
posterior  |X)rtion  of  the  coronar)'  sulcus.  It  originates  in  a  win  whii  li  arrompanics  the  anterior 
desrenrling  branch  of  the  left  romnary  arler)'  in  tlie  anterior  lonj^itudinal  sulcsis  of  the  heart, 
and  collects  the  blood  from  the  anterior  surface  of  the  two  ventricles.  During  its  course  in  the 
sulcus  it  receives  other  veins  from  the  substance  of  the  left  ventricte,  particularly  the 
following  vessels,  as  well  as  a  small  vein  from  the  left  auricle: 

(a)  The  pastrrinr  riin  oj  llir  Irjl  n  nlrldi-  I'Fifr.  537)  arises  u[X)n  the  rh'ajdira^malie  surface 
of  the  heart  in  the  region  of  the  aixx,  w  here  it  anastomoses  with  the  radicles  01  the  midrJle  lardiac 
vein.  It  rims  almost  parallel  with  the  great  longitudinal  sulcus  and  empties  into  the  great  car- 
diac vein. 

{h)  The  oUique  vein  oj  the  Icjl  alriitm —\c'm  of  Marshall — (Fig.  557)  collects  the  blood 
from  the  ix>sterior  %va!l  of  the  Uft  atrium  and  runs  oblifjuely  o\er  ihc  posterior  surface  of  this 
portion  of  the  heart  to  the  great  cardiac  vein.  Together  with  the  coronary  sinus  it  forms  thi 
.'cmaining  portion  of  the  left  superior  vena  cava  of  embryonic  life.  A  band  of  fx>nnective  tissue 
extends  bom  it  to  the  left  pubnonary  vdns,  and  beyond  them  to  the  obliterated  portion  of  the 
left  superior  vena  cava  and  is  known  as  the  ligament  (jold)  of  the  vena  cava  (vesligial  fold  of  ike 
pericardium).  The  obliipic  vein  of  tin  left  atrium  empties  at  the  ji:nrlinn  of  the  trreat  rarrliat 
vein  with  the  coronar)*  sinus,  and  its  orifice  may  be  taken  as  the  boundary  between  these  two 
structures. 

•9.  The  middle  cardiac  vein  (Fig.  537),  the  second  largest  tributary  of  the  coronaiy  sinus, 

arises  in  the  neighborhood  of  the  apex  and  is  connected  by  anastomoses  with  tbe  posterior  vein 
of  the  left  ventricle  anr!  witli  the  rarlicles  of  the  great  cardiac  vein.  It  runs  upward  along'-ide 
of  the  posterior  descending  l>rancli  of  the  right  coronary  artery  in  the  posterior  longitudinal 
sulcus,  receives  veins  from  the  ix)sterior  surfaces  erf  both  ventricles,  and  empties  into  the  coronary 
sinus  just  before  this  structure  enters  the  right  atrium. 

3.  The  small  cardiac  vein  (Fig.  537)  is  smaller  than  the  preceding  vessel  and  is  not  always 

*  It  h.i-i  prcxnou'Jv  !«  rn  iin  ni'f iin  ■!  f^«-c  Vol.  II.,  page  n  0  tli  it  the  tributaries  of  the  veins  of  the  ftyAcniii;  dtcufaf 
lion  do  not  cQrTC8|)ODd  cither  in  number  or  in  tlicir  relations  with  thu  umilarly  narticd  arterial  branches. 
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I'lG.  587. — The  large  venous  trunks  of  Ihe  thoracic  cavity  as  \  ievved  from  in  front  and  somewhat  froni  y 
the  right. 

Thi-  aorta  has  bei-n  removed,  the  luperior  vena  nva  divided  just  before  entefing  tlie  pcricwdium,  and  the  inferior 

Vena  cava  almo&t  entirely  cut  away. 


pr^nt.  It  arises  near  the  right  margin  of  the  right  ventricle,  accompanies  the  right  coronary 
artery  in  the  right  portion  of  the  coronary  siiktis,  and  empties  into  the  conMiary  sinus  or  into  the 
preceding  vessel,  which  not  in&eqnently  leidaces  it  entirdy. 

11.  The  anterior  cardiac  vans  (Fig.  536)  arc  usually  several  vessds  of  fair  size  which  col- 
lect the  blood  from  the  anterior  surface  of  the  rifjht  ventricle.  They  pas<  aho\  u  the  right  half 
of  the  anterior  jwrtion  of  the  coronary  sulcus  below  the  margin  of  the  right  auricle  and  empty 
separately  Into  the  ri^t  atrium. 

in.  Hie  smatter  eerdiae  veins  ate  minute  atrial  vessels,  situated  especially  in  the  wall  of 
the  right  atrium  and  in  the  atrial  septum,  and  empty  into  the  right  atrium  by  the  Thehesian 
foramina  (see  Vol.  II.,  page  177). 

THE  SUFBRK3R  VENA  CAVA. 

The  superior  vena  cava  (F^  463,  518,  519,  533,  $34,  536,  537,  587,  and  588)  is  a  thick, 

valvclcss  trunk  about  6  cm.  in  length,  which  runs  almost  exactly  from  above  downward  behind 
and  beside  the  right  border  of  the  sternum,  almost  pamllcl  with  the  ascend^ing  aorta.  Its  course 
Ls  fairly  straight,  although  its  upper  extremity  lies  more  to  the  left  and  anteriorly  and  its  lower 
extremity  more  to  the  right  and  posterioriy.  Throughout  it$  entire  length  it  is  situated  within 
the  tlmradc  cavity  and  its  lower  portion  u  also  within  the  pericardium,  its  medial  surface  being 
invested  for  a  considerably  greater  distance  than  its  lateral.  The  site  of  entrant  e  into  the  right 
atrium  corrrsTiond';  to  the  level  of  the  sixth  or  seventh  thoracic  vertebra  and  to  that  of  the  attach- 
ment of  the  third  right  costal  cartilage  to  the  body  of  the  sternum.  The  upper  extremity  of 
the  supericHr  vena  cava,  where  it  is  fonned  by  the  junction  of  the  two  innominate  veins,  lies  behind 
the  attachment  of  the  first  right  costal  eartiluj^e  to  the  .stimuni,  and  in  front  of  it  there  is  con- 
pcqViently,  in  addition  !o  the  right  border  of  ihe  sternum,  the  lower  portion  of  the  tirst,  the  second, 
and  jiart  of  tlie  ib.inl  right  costal  cartila;i;es.  Since  the  ascending  aorta  is  more  anterior  than 
the  >u]H.Tior  vena  cava  its  most  marked  dilatation  (^iltc  great  sinus,  see  page  19)  partly  over- 
laps the  medial  border  of  the  vein,  and  the  right  phrenic  nerve  runs  along  that  portion  of  its 
lateral  wall  which  is  situated  above  the  j'cnV  ardium.  A  ])ortion  of  the  thymus  gland  is  situated 
anteriorly,  and  ]>osteriorly  arc  found  the  rigiit  branch  of  the  pulmonarv*  arten*,  the  right  pul- 
monary veins,  and  the  right  bronchus.  Within  the  pericardial  cavity  the  superior  vena  cava  is 
in  relation  anteriorly  with  the  right  atrium  and  to  the  left  with  the  root  of  the  aorta. 

In  addition  to  the  two  innominate  veins,  which  are  to  be  regarded  as  the  roots  of  the  superior 
vena  cava,  this  great  trunk  receives  only  a  single  large  branch,  the  aaygps  vein. 

THE  AZYGOS  AND  HEMl-AZYGOS  VEINS. 

The  azygos  vein  Ls  not  actually  an  unpaired  vein,  as  its  name  implies,  since  there  is  upon 
the  left  side  a  cocresponding  structure,  the  hmi-asygta  vein,  which,  however,  is  usually  inconi> 
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plctcly  developed,  is  much  smaller  than  the  azygos  vein,  and  empties  its  blood  either  partly  or 
wholly  into  the  ]»itet.  The  two  vein»  ftre  die  unequally  persistent  lemuns  of  the  embijronic 
cardinal  vans  (see  pagie  77). 

The  azygos  {I'enc  azygos  major)  vein  (Figs.  462,  538,  and  587)  is  a  large,  valvcloss,  or  almost 
vah  ( Ici-s  vv'm'  situattxl  upon  the  right  side  of  the  body  in  front  of  the  lateral  surfaces  of  the  thoracic 
vertebra:,  and  serxes  chieQy  for  the  reception  of  the  right,  and  indirectly  also  for  a  portion  of 
the  left  intercostal  vein.  It  arfoes  in  the  space  between  the  middle  and  internal  crura  of  die 
lumbar  portion  of  the  diaphragm  as  the  immediate  continuaticui  of  the  right  ascending 
lumbar  vein,  and  empties  into  the  su[h  rior  vena  ca\  a  jiist  l)eforc  'hh  structure  enfers  the  peri- 
cardium. It  pursues  n  fairly  straight,  at  most  only  a  slightly  tortuous  course,  upward  to  the 
level  01  the  body  of  the  third  thoracic  vertebra,  and  is  situated  in  the  posterior  mediailinum  in 
front  of  the  right  intercostal  arteries  and  to  the  right  of  the  thoracic  aorta  and  of  the  oesophagus* 
In  front  of  the  third  thoracic  vertebra,  the  vein  passes  anteriorly  and  curves  over  the  root  of  the 
right  lung  to  the  superior  vena,  cava,  into  the  posterior  wall  of  which  it  empties  just  before 
the  cava  tniers  the  pericardium.  The  concavity  of  the  curve  of  the  azygos  vein  is  directed 
downward. 

The  hemi-azygos  (vena  aaygos  mhun)  vein  (Fip.  462  and  587)  is  considerably  smaller  than 
the  azygos.  It  arises  m  a  similar  manner  ufxm  the  left  side  between  the  lumbar  i  rura  of  ilu  dia- 
]>hnigm  from  the  left  ascending  lumbar  vein,  and  runs  upward  upon  the  left  surfai:i->  of  the  bodies 
of  the  lower  thoracic  vertebra-  in  the  fxjsterior  meiiiaslinum,  to  the  left  and  behind  the  thoracic 
aorta  and  in  front  of  the  left  intercostal  arteries.  At  the  middle  of  the  thoracic  vertebral  column 
several  transverse  branches  usually  connect  it  with  the  asygos  vein,  into  which  it  finally  empties 

by  a  larger  transverst'  l)raneh. 

'i'he  azvgo^  and  hemi-a/.ygos  veins  receive  as  t  hief  trilJUtarie^  the  intercostal  vein:-,  the  azygos 
cither  receiving  all  the  right  intercostal  veins  or  cl>e  the  upper  right  irtit^rcostal  veins  form  a 
supreme  intercostal  vein,  corresponding  to  the  artery,  which  may  empty  into  the  azygos  vein, 
but  usually  tenninates  in  the  right  innominate  vein  (see  page  83). 

The  upfx'r  left  intercostal  \  eins  do  not  empty  into  the  actual  hemi-az)'gos  vein,  this  usually 
terminating  at  the  middle  of  the  llioracic  vertebral  column,  but  into  a  descending  vein,  ihe  acces- 
sory hemi-azygos  which  represents  a  left  supreme  intercostal  vein  and  consequently  almo&t  always 
anastomoses  with  the  left  innominate  vem.  After  receiving  the  upper  kft  intercostal  veins 
it  descends  to  johi  the  hemi-azygos  or  empties  with  this  structure  (more  rarely  hidependentty) 
into  the  azygos  vein. 

The  trifjutaries  of  the  azygos  and  hemi-azygos  vcin.s  arc: 

1.  The  ascending  lumbar  vein  (Figs.  587  and  716)  arises  ujxm  either  side  from  the  sacral 
and  lumbar  vdns  near  the  promontory  of  the  sacrum  behind  the  psoas  major  and  passes  upward 
behind  this  muscle. '  It  anastomoses  with  the  lumbar  veins,  with  the  inferior  vena  cava  (espe- 
cially the  right  vein) ,  and  with  the  renal  vein,  and  at  the  lumbar  portion  of  the  diaphragm  becomes 
the  azygos  or  the  hemi-azygos  vein,  as  the  case  may  he. 

2.  The  intercostal  veins  (Figs.  538  and  5S7)  accompany  the  arteries  of  the  same  name  in 
the  posterior  portions  of  the  intercostal  spaces,  and  are  situated  above  and  somewhat  in  front 
of  them.  The  upper  ten  intercostal  veins  are  connected  anteriorly  with  the  branches  of  the 
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internal  mamman'  veins,  and  are  provided  with  valves  at  their  junctions  with  the  aqrgos  or 

hcmi-azygos  veins. 

Eadi  vdn  reodm  a  very  large  dorsd  hranek,  wfaidi  concftponds  with  the  dwsal  bnudi 
of  the  interoostal  artery  and  xcceivea  venom  blood  &om  the  dorsal  mraculatuie  and,  by 

means  of  a  spinal  hram  h,  the  blood  from  the  numerous  vertebral  veins.  The  infercostal  veins 
ahvnys  anastomose  with  the  \  cins  of  the  axilla  by  means  of  the  costo-axillary  veins  (see  page  93) 
and  with  each  other;  the  lower  ones  also  anastomose  with  the  veins  of  the  diaphragm  and  of 
the  abdonunal  musdes. 


TlirgiuRlMKat  the  cBlire  len|^  of  tfce  wrtebral  coltuna,  both  upon  the  •ntcrlor  and  Ufwo  the  poMerior  mduon  of  the 

\rrtc!<nit  U>dt'  «,  iherc  an-  nuirrLf  sus  vt  n  u'^  i^  Vtuvi  whkh  onpty  dw  gKtter  portion  «f  their  Uood  iiMo  the  vciiu  of  the 

body  wall  (the  intercostal  and  ihc  tuintui  veins). 

I.  la  the  »{K>ngy  &ul>stance  of  the  vertebral  bodies  there  are  veins  whose  waits  arc  devoid  of  muscular  tissue  and 
which  punue  a  radiating  course  Theie  are  the  batiutrttbnl  veint,  and  they  empty  into  the  lonfitadinal  vertebral  aiwiaca 
by  iransTcrw  connecting  branches  which  pas*  between  the  posterior  longitudinal  Ugament  and  the  poaterior  surfaces 

of  the  vcrtrl.r.il 

7.  The  iiitigiluiiiHui  verUbral  sinusti  arc  p.>in.<l  tuluinns  of  vonotm  y  t<  \iis<  r,  siiuiued  uixm  the  posterior  surfaces 
of  the  vcrlrbr.-il  hcxlies  to  either  side  of  the  f<osterior  Iongitudin.tl  ligAiiinit.  I  hr.'"-  vc  ins  also  Lick  niiinmlHr  itllUC  in  ibelt 
vallc,  and  are  especially  well  developed  at  the  level  of  the  middle  al  the  vertebral  bodiei,  where  they  are  auineetcd  by 
transverse  branches,  and  are  relatively  smaller  o{>posite  the  intervertebral  librocartOagcs. 

'['he  inler\rrUbral  -.cins  an-  vt  ni  i;s  trunks  ^^)nl^l  .accompany  ll.r  s-iinal  nerves;  tlicv  arc  jli  xiforni  d<  riv.ilh'i  S 
of  the  longitudinal  stniBM.-s  and  of  the  external  and  inleriul  vertebral  plexuses,  and  empty  into  tbc  vertebral  vein  (sec 
page  St)  in  the  nedc,  into  tlie  intercoMal  wina  in  tlie  tlMMmx,  into  the  lumbar  veins  in  the  Ida,  and  hilo  the  latcial  lacral 
Veins  in  the  .wcral  repon.  They  also  usu.ally  n'roivc  the  anterior  and  the  poOerior  extrrnal*  spinal  I'rtnj,  which  are 
situated  ujion  the  surfa<  c  of  the  spinal  cord  and  accompany  the  anterior  and  the  jMisIerior  spinal  arteries. 

4.  The  extfrniil  •  frUbrat  vfiums  plrxutft  arc  networks  situated  upon  the  outer  surface  of  the  vertebral  column; 
they  are  subdivided  into  small  anterior  and  larger  posterior  plexuses.  The  an^mor  vtrUbrtU  venous  pkxuxs  are  well 
developed  only  In  the  cervical  region^  where  they  are  situated  in  from  of  the  vertebral  bodies  and  the  loogua  capitis  and 
longus  colli  muscles  and  are  connected  with  tV  r  intervortebr.il  \  .  inH.  Th.r  m  ui  h  I.u  lv  r  p.-'^lt-rior  vrriebriit  '.xnoui  I'Uswes 
lie  upon  the  posterior  surface  of  the  verlcUral  column  and  the  snort  muiules  of  the  back;  ihcy  receive  blood  from  these 
muscles  and  from  the  vertebra-  themselves  and  empty,  cither  by  means  of  the  inienwrieliral  veins  or  directly,  Into  the 
spinal  branches  of  the  vertebral,  intercostal,  lumbar,  and  lateral  ascral  veins. 

$.  The  itUemal  vtriehral  vtimu  pkxutet  are  venom  networks  which  are  situated  between  the  spinal  dura  mater 
an<!  tin  wriosteum  throughout  the  entire  lenjjth  of  the  vertebral  c  iri/t,  .(ml  wliic  li  .masioniose  with  the  |X)Stcrior  venous 
plc.\uM.»  oy  branches  which  picr«;  the  lipamenta  ilava.  Transvers*-  hram  hrs  imi  m  plexiform  communications  of  the 
individual  plexuses  with  each' Other  and  with  the  longitudinal  vertebral  sit.u^cs.  &>  'Jiiat  at  every  vertebra  a  circular  venous 
plexus  ia  formed  within  the  diva  of  the  spinal  rord.  These  plcxusca*  which  are  found  throughout  the  entire  length  of 
the  vcnabral  canal,  are  knows  as  the  vtnaus  veHebnt  relU. 


The  innomimle  veins  (Figs.  451,  452,  539,  551,  587,  588,  700,  and  701)  arc  the  actual  roots 
trf  the  superior  vena  cava,  to  which  they  conduct  the  Uood  from  the  half  of  the  head  and  neck 
and  from  die  upper  extremity  ol  the  same  side,  and  they  also  receive  the  chief  lymphatic  trunks 

of  the  body  (sec  page  106).  The  left  innominate  vein  in  addition  receives  the  Uood  from  the 
upptT  |K)rtion  of  the  thoracic  cavity  and  from  the  anterior  thoracic  wall. 

The  innominate  vein  arises  upon  cither  side  in  the  superior  thoracic  ajwrturc,  behind  the 
stemoclavicular  joint  and  the  origins  of  the  stemohyoideus  and  sternothyreoideus,  by  the  junction 
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of  (be  mtcnul  jugular,  external  jugular,  and  subdavian  veuis.  TUs  point  is  designated  as  the 

venous  angle  (right  and  left).  One  of  the  smaller  venous  tributarie>  ocrasionally  also  empties 
in  this  situation,  or  the  external  jugular  vein  doe-s  not  pa^s  directly  to  the  venous  angle,  but 
indirectly  by  joining  witli  one  of  the  other  two  veios^  especially  with  the  subclavian^  close  to 
the  venous  angle. 

Both  innominate  veins  are  valveless,  but  thejr  aie  of  unequal  length  and  their  courses  and 

relations  are  also  dissimilar.  The  right  innominate  vein  is  short  and  runs  do\Miward  from  the 
right  venom  angle  behind  the  fir^t  eostal  cartilage  and  lateral  to  the  hifureation  of  the  innominate 
artery,  to  the  superior  vena  cava.  The  left  innominate  vein  is  twice  as  long  as  the  right,  and 
runs  obliquely,  although  almost  horinmtany,  behmd  the  manubriunn  of  the  stemum,  covered 
by  the  thymus  gland,  in  front  of  the  origins  of  the  left  common  carotid,  left  subckvian,  and 
innominate  arteries,  and  immediately  above  the  areh  of  the  aorta.  It  jxissesses  more  tributarie'; 
than  the  right,  among  those  jieruliar  to  it  being  the  vena  thyreoidea  ima,  which  descends  in  the 
median  line  of  the  neck,  and  also  the  thymic  veins;  it  is  consequently  somewhat  larger  than 
the  rtf^t  vtta. 

In  addition  to  the  threi-  ro(ns  the  innominate  veins  also  receive  the  following  veins: 

1.  The  ittji  rior  ihynoid  veins  (Fig.  588")  correspond  only  in  part  with  the  arii  rlcs  of  the 
same  name  and  their  tributaries  are  even  more  variable.  They  lie  deeply  in  the  median  region 
oi  the  neck,  mostly  behind  the  sternohyoid  and  slemothyrcoid  muscles,  collect  the  blood 
from  the  lower  portion  of  the  thyreoid  gland,  from  the  lower  portions  of  the  larynx  and  pharynx, 
from  the  cervical  portion  of  tlu  1  '  igus,  and  from  the  upper  portion  of  the  trachea.  At  the 
lower  margin  of  the  isthmus  of  ihe  thyreoid  gland  thry  form  an  imjiaireti  network,  the  unpaired 
thyrtoid  venous  plexus,  which  gradually  passes  into  an  impaired  vessel,  the  vena  thyreoidea  ima, 
descending  in  front  of  the  traclica  and  emptying  into  the  left  innominate  vein  behind  the  manu-. 
brium  of  the  sternum.  In  addition  there  is  usually  also  a  paired  inferior  thyreoid  vein  which 
collects  the  blood  from  the  lower  portion>  of  tin  lateral  lobes  of  the  tliyrt-oid  gland,  anastomoses 
with  the  preceding  \(  vs(ls,  and  empties  either  into  the  conesponding  innominate  or  into  the 
lower  jx>nion  of  the  internal  jugular  vein. 

2.  The  thymic  veins  (Fig.  588)  are  small  venous  trunks  from  the  thymus  gland,  the  m^-ioriiy 
of  whkh  empty  mto  the  left  innominate  vein. 

3.  The  pericdrJini  veins  (Figs.  461  and  462),  the  superior  phrenic  veins  (accompanying 
the  prricardiacoiihrenie  artery),  the  anicrior  hroiu'nuil  Vi  ins,  the  avtcrinr  inrdlastbnd  Vi  'ius,  the 
esophageal  veins,  and  the  iraiheal  veins  are  small  venous  branches  coming  from  the  parts  indicated 
by  their  names,  and  usually  emptying  into  one  of  the  innominate  v^is  or  occasiOBally  into  the 
superior  vena  cava. 

4.  The  internal  mammary  vein  (Fig.  553)  accompanies  the  tenninal  portion  of  the  similarly 
named  artcri-,  to  which  it  corresj>onds  in  a  general  way.  Its  radicles,  the  superior  epigastric 
and  musculophrenic  veins,  accompany  the  corresponding  arteries  as  vena;  comitantcs,  and  it 
also  receives  the  anterior  intercom  veins,  occasionaUy  the  superior  phtenk  v^m  and  Oemd 
and  ferforaimg  brandies.  Sometimes  the  intctnal  mammary  veins  of  both  sides  empty  into 
die  left  innominate  vem. 

5.  The  supreme  intercosbU  vein  (Figs.  538  and  587)  differs  upon  the  two  sides.  The  left 
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FlO.  588. — The  deep  veins  .md  arteries  of  the  neck  und  tlic  great  venous  and  arterial  trunks  of  the  thorax. 

Upon  both  sitits  iht:  iUrnui.lcidomastoidci  and  ihc  infrahwiti  muscles  imvc  hem  partly  cut  away,  the  mylohj-oid 
and  digastric  di\-idcd,  and  the  sternum,  together  with  portions  of  the  rib*  and  clavlcl^  imoTed.  *  -  Commcn cement 
of  risbi  innominate  vein.  **  "  Potterior  root  of  cartcmal  jugular  tcnl  -I-  •>  Onl  idiiiooub  ncmbrtnc.  -f  *  <-  Anuto> 
iiiani  between  h)-poglos«d  wiil  Onguel  ncrm. 


vein  is  usually  larger  than  the  right  and  frequently  runs  dov;-nward  to  the  hemi  azygos  vein  as 
the  accessory  hemi-azygos  vein  (see  page  Si),  although  it  still  retains  its  connection  with  the 
left  Innominate  vein.  The  right  vein,  after  receiving  the  Mood  from  the  three  upper  intercostal 
spaces,  usually  empties  into  the  right  innominate  vein,  more  rarely  into  the  azygos  vein. 

6.  The  vertebral  vein  (Fij;.  606)  eorresponrl^  to  the  ccn'ical,  but  not  to  the  cerebral  portion 
of  the  vertebral  arter}'.  Together  with  the  vertebral  artery  it  lies  in  the  canal  formed  by  the 
foramina  transversaria  of  the  upper  six  cervical  vertebra;,  and  frequently  passes  also  through 
the  foramen  transvenarium  of  the  seventh  vertebra.  It  arises  upon  the  posterior  surface  of  the 
posterior  arch  of  the  atla.s  from  the  external  vertebral  venous  plexuses,  reinforced  by  anasto- 
moses with  the  occipital  vein  and  1>\  1\\  i^'-  from  the  inten  ertebral  \  cin^  Tsee  page  82),  and  empties 
either  alone  or  together  with  the  following  vessel,  into  the  posterior  surface  of  the  first  portion 
of  the  innominate  vein. 

7.  The  d««p  cervkat  vein  (Fi^  696)  is  laiger  than  the  vertebral  and  larger  than  the  artery 
of  the  same  name;  it  is,  in  fact,  the  laigest  vein  in  the  nuchal  region.  It  also  arises  from  the 
external  venous  plexuses  of  the  ceniral  vertebral  column  and  from  larc;c  anastomoses  with  the 
occipital  vein  (see  page  91),  and  runs  downward  in  the  neck,  together  with  the  artery  of  the 
same  name,  between  the  semispinalis  caintrs  and  the  semispinalis  cervids.  It  collects  the  venous 
blood  from  the  nuchal  musculature,  passes  forward  with  the  deep  cervical  artery,  and  empties 
into  the  posterior  sui^we  of  the  commencement  of  the  knombiate  vein,  below  the  transverse 
process  of  the  sixth  cervical  vertebra.  Its  orifice  is  usually  guarded  by  a  valve. 

THE  INTERNAL  JUGULAR  VEIN. 

The  intemtd  jugular  vein  (Figs.  539,  551,  588,  693,  699,  and  700)  is  a  large  vessel  which 

collects  the  blood  from  the  side  of  the  head  and  neck,  wittl  the  exception  of  those  portions  which 
arc  drained  by  the  deep  rer\-5ral  vc-'m^  :  ihc  deep  cer\*ical,  vertebral,  inferior  thyreoids,  see  page  83) 
or  by  the  extpmal  jugular  passing  to  the  innominate  vein.  Together  with  its  tributaries  it  con- 
sequently corresponds  in  the  main  with  the  common  carotid  artery  and  its  branches  and  also 
with  the  cerebral  branches  of  the  vertebral  artery,  since  it  receives  all  of  the  blood  from  the  cranial 
cavity  and  from  the  brain. 

The  internal  jiii^olar  vein  commence-  in  the  jugular  fossa  of  the  temporal  bone  w'nh  a  dila- 
tation, the  superior  bulb  oj  the  internal  jugular  vein,  and  passes  almost  directly  downward  along 
the  lateral  wall  of  the  phar}  nx  together  with  the  internal  carotid  artery,  the  caHbcr  of  the  two 
veasds  being  approximately  the  same.  The  vein  is  at  first  behind  and  to  the  outer  side  of  the 
artery,  and  then  directly  to  the  outer  side,  and  the  vagus  nerve  is  situated  between  the  artery  and 
the  vein.  In  this  iwtioti  of  it^  course  the  inlernal  jutruhr  rorrcsponds  almost  exactly  to  the 
internal  carotid  artery,  and  not  until  it  receives  in  the  carotid  fossa  its  largest  tributary,  the  common 
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fadal  vdttf  which  largely  corresponds  to  the  extenuil  caiotkl  ut«ry,  does  it  become  the  great 
venous  diannel  for  the  entire  head  and  for  a  portkm  of  the  neck.  It  thea  Ucs  lateral  to  the  com- 
mon  carotid  axteryj  to  which  it  corresponds  in  this  situation^  and  passes  downward  with  this 
arter\'  in  a  common  vascular  sheath  as  far  as  the  venous  angle  (sec  page  83).  Shortl\'  In  fore 
reaching  the  innominate  vein  it  exhibits  a  second  elongated  dilatation  about  i  cm.  in  length, 
the  infenor  bi^  of  the  internal  jugular,  and  at  the  lower  portion  of  this  dilatation  there  are  one 
or  two  valves  placed  in  the  s^ttal  plane,  these  hetng  the  only  valves  possessed  by  the  vein. 
AmoQg  (he  chief  tributaries  of  the  internal  jugular  vein  are: 

TUB  SINUSBS  OF  THE  DURA  MATER. 

The  smitses  of  the  ima  mater  (Figs.  589,  59c,  679,  680,  and  681)  are  peculiar  blood  chan- 
nels, usually  of  great  width,  whidi  have  no  valves,  are  completely  devoid  of  muscular  tissue, 

and  are  situated  between  the  layers  of  the  dura  mater,  from  which  they  arc  separated  only  by 
the  endothelial  lining  of  the  sinus  wall.  They  receive  the  Wood  from  the  entire  brainj  from  the 
gye,  from  the  internal  ear,  and  fjonajliL'  hones  of  ilie  j^kull,  anrl  tran«^ftut  it  to  the  internal  jugular 
vein,  usually  through  the  interN-cntion  of  the  transverse  sinus.  The  following  sinuses  of  the 
dura  naler  may  be  recognized: 

1.  The  lraiis7 1  rsc  flatrrn!':  sittw;  iT\^>.  589,679,  680,  681,  and  693)  is  i>airt>d  and,  as  it  receives 
the  blood  from  almost  all  of  ihr  rLtuaining  sinu?cs,  is  by  far  the  largest  of  the  entire  group.  It 
commences  in  ilie  region  of  liie  crucial  eminence  of  the  occipital  bone,  where  it  communicates 
with  its  fdlow  of  the  opposite  side  and  takes  up  other  sinuses  to  form  the  confiuens  i»nmm  {tor- 
cular  Herophihl,  and  in  its  sul)>.c(iiicnt  course  it  follow  ^  \hv  corresponding  bony  groovi-s — i.  e., 
it  at  fir^t  nms  in  the  i>osU  n()r  margin  of  the  tentorium  in  the  transverse  groove,  then  in  ilie  m'j;- 
moid  groove,  and  finally  passes  through  the  posterior  compartment  of  the  jugular  fnramm  into 
the  superior  bulb  of  the  internal  jugular  vein.  The  right  transverse  sinus  is  usually  larger  than 
the  left.  A  cross-section  of  the  transverse  portion  of  the  sinus  is  approximately  triangular, 
wlule  that  of  the  descending  portion  is  more  circular. 

2.  The  superwr  sagittal  {longitudinal)  -u'rtw!  fFif^-^.  580,  500,  ^70.  6S0,  and  681)  i>  the  ^crond 
largest  sinus  of  the  dura  mater;  it  is  unpaired  and  lies  in  the  groove  of  the  same  name  ujwn  the 
inner  surface  of  the  cranial  vault.  It  arises  as  a  small  vessel  at  the  foramen  ca:cum,  where  it  anas- 
tomoses with  the  nasal  vems,  and  gradually  increases  in  caliber  as  it  receives  the  cerebral  veins 
In  ii>  c  ourse  toward  the  crucial  eminence.  Here  it  enters  (he  confluois  sinuum  in  such  a  manner 
that  its  blo<Kt  passes  almost  wlmlly  into  ilu-  ri<,'ht  transverse  sinus  or  by  bifurcation  into  Ijoth 
transverse  sinuses.  Its  cross-scxtion  is  triangular  and  its  lumen  is  traversed  by  numerous  tra- 
becula:  of  connective  tissue. 

3.  The  inferwr  sagiiid  {tongUuHmt)  sifuis  (Fig.  589)  is  a  smaller  unpaired  vessel  situated 
in  the  lower  margin  of  the  falx  cerebri  and  rtmning  parallel  to  the  su|>erior  sagittal  sinus.  It 
rccei\es  but  few  cerebral  veins,  but  takes  up  the  veins  of  the  falx  cerebri  itself,  increasing  in 
caliber  as  it  passes  backward  and  empties  into  the  straight  sinus. 

4.  The  ^aif^hi  sinus  (Fig.  589)  is  also  unpaired  and  is  situated  in  the  postmor  portion  of 
the  falx  cerebri  along  the  Ibe  where  it  is  attached  to  the  tentorium  cerebeUi.  It  pursues  an 
almost  horiaontal  course,  terminating  either  in  the  common  venous  space  (confluens  sinuiun) 
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Fig.  589. — The  dura  mat^  and  its  sinuses  as  seen  from  the  left  and  from  above. 
Tlie  alndl  his  beca  opened  upoa  the  kit  bf  a  hari«nMal  lectiao  edendiog  afanoit  to  the  mcdiu  line  and  by  a 
vertical  scrnv,n  just  to  the  left  flf  tbe  taftttal  tnitUK.   A  Urge  part  of  the  left  and  a  aaiall  itrip  of  the  right  tenmium 

have  been  removed. 


in  front  of  the  crucial  emincnre,  or  more  frt-fjiifiuly  in  (he  commencement  of  the  left  transverse 
sinus,  in  which  case  the  superior  sagittal  sinus  empties  into  the  right  transverse. 

5.  The  ocdfikA  nms  (Fig.  589)  is  a  small,  usually  unpaired  veaad  of  vukUe  deveU^miettt 
trhich  commences  at  the  oonjBuens  sinutim,  passes  downwaid  in  the  base  of  the  &Ix  cerebeUi 
to  the  posterior  circumference  of  the  fozamen  magnum,  and  bifurcates  in  this  sitliatkn  to  pass 
upon  either  side  partly  to  the  transverse  shius  and  partly  to  the  intenial  vertebral  venous  plexttses 
of  the  upper  ccr\'icai  vertebra?. 

6.  The  oomenrntr  itiiiu  (Figs.  589  and  679)  is  paired,  situated  at  either  ^e  of  the  seHa 
tuidca,  and  covered  by  the  poction  of  the  dura  mater  which  passes  forni  the  anteiior  dinoid  process 
to  the  anteri<»r  portion  of  the  line  of  origin  of  the  tentorium  from  the  superior  borrler  of  the  pyra- 
mid ix)rtion  of  the  temporal  bone.  The  sinus  is  a  rather  wide,  irregular  space,  subdivide*!  by 
numerous  connective-tissue  septa,  and  it  contains  the  internal  carotid  arter)'  with  its  sympathetic 
plexus  and  the  abducens  nerve.  The  cavernous  sinuses  of  the  two  sides  are  connected  with  each 
otlier  by  transverse  venous  anastomoses,  the  anterior  and  posterior  itttereavemous  timtseSf  passing 
in  front  of  and  behind  the  hypophysis,  and  in  this  manner  i»oducing  around  the  hypophysis 
the  circular  sintds. 

7.  The  sphenoparietal  sinus  (Figs.  589  and  679)  is  a  small  paired  vessel  which  commences 
upon  the  cerebTal  surface  of  the  parietal  bone  and  then  runs  along  the  postcritw  sharp  margin 

d  the  lesser  wing  of  the  sphenoid  to  reach  the  cavernous  sinus. 

8.  The  in;<rwr  prtrosal  sinus  (Fli;.  5S())  is  a  paired  vessel  running  in  the  groove  of  the 
same  name  along  the  petro-occipital  l"i><urc  and  connecting  the  posterior  ]»rtion  of  \hv  eavernnus 
sinus  with  the  superior  bulb  of  the  internal  jugular  vein.  In  its  course  it  runs  between  the  nerves 
which  pass  through  tbe  anterior  compartment  ot  the  jifgular  forsmen. 

9.  The  superior  pdrostA  sinus  (Figs.  5<S<;,  679,  and  680),  also  paired,  runs  in  the  groove 
of  the  same  name  ti{X)n  the  superior  bonU  r  of  ihe  jwramid  of  the  temjwral  bone  at  the  attached 
margin  of  the  tentoritim.  It  connects  the  fjosterior  jwrtion  ol  the  cavernous  '-'mw^  mth  the 
transverse  sinus,  opening  into  the  latter  where  it  changes  its  direction  from  the  horizontal  to  the 
vertical. 

10.  The  basilar  plexus  (Fig.  670),  formt d  by  an  extensive  auastomosB  of  flat  venous  chan- 

neK,  is  situated  upon  ihe  clivus  of  the  oii  ipital  lione.  It  i^  connertcd  Tij>nn  cither  side  with  the 
cavernous  and  inferior  [)eiro.".al  sinuses  and  with  the  neigliboring  biood-channels. 

In  Rdditian  to  tbe  ccrcL»ral  vcias  and  the  veins  ol  tbe  orbit  (lec  page  S7)  Ute  linuaei  of  tbe  dim  mater  abo  receive 
the  foUowinii^  amall  wini. 

I  The  internal  auttU.'ry  vei>\',  a.  .■.■ini;.:in\  llu-  if.l.-rn:d  .v.vX'ih  <r\-  .irtcry.  Tbey  originate  ill  tbe  bltcmal  tM*,  paas 
ihikiugh  the  internal  aucliiu^v  mciiu:^,  .tiid  u^u.iilv  ciilci  ihc  itiisisiccsc  sinus. 

id)  Tht  diptaie  irins,  (l.it,  devoid  of  muM  uLtr  tissue,  and  situ.ilod  in  the  diploir  canals,  run  from  aliovc  down. 
matdt  aad  are  ooonected  in  a  very  variable  manner  by  emimry  veins  with  the  sinuses  of  the  dura  maler  and  with  Ute 
eatmciaidal  ytSnt,  Vpoo  ciflier  itde  there  may  be  teoogaiaed  a  frwMdtpMe  vti»t  whiA  empties  into  tbe  aupecior 
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■ipttal  siaas  and  into  the  frontal  vein;  an  anterior  temporal  diploic  vtin,  which  empties  into  the  tpheaoparictlkl  (dnus 
and  Into  the  deep  temponil  vein;  a  posterior  temporal  diploic  ttin,  emptying  through  the  |>iirietal  foramen  into  iht  tuperior 
!4at;itt,il  sinu^and  through  the  ma»toid  forami  n  into  the  transverse  s:nus  and  thr  ]>()sii  riiir  .mrii  ul.u  \  .ir.<!  nd  ipitdl 
diploic  vein  which  uMUtUy  connects  internally  with  the  transverse  sinus  through  an  occipital  foramca  opening  upon  the 
faUcrnal  ocdpital  ptombeimce,  aod  cxtenulljr  with  the  occipital  vciiu. 

The  vt-nous  connections  of  the  sinuses  of  the  dura  nwler,  of  the  diploic  veins,  and  of  the  meningral  veins  w  ith  the 
extracranial  veins  arc  known  as  emissary  veins.  The  parietal  emissary  trt'n  connects  the  superior  sagisiat,  siuus  with 
the  guperficial  vein*  of  the  skull;  the  mastoid  emissary  vein  connects  the  transverse  sinus  with  the  occipital  vein  or  one  of 
the  BC^hboring  vcnouB  tadides  of  the  external  jugnlar  vein;  the  amdyMd  tmistary  vein  connects  the  transwene  ainus 
■ad  th«  cxtenial  vertebnl  venoui  pfauwa;  die  tedfUot  mmaiary  vein  u  inconnaat,  vmBj  coonecliDg  only  diploic  wiai 
nitb  dw  confliMn*  liinittim  more  nudjr  the  latter  tiHh  Hbe  occipital  'voiw. 

Venous  plexuses  are  also  situated  at  the  following  opeaioffi  in  the  skull,  giving  passage  to 

vessels  and  nerves: 

(a)  The  intermil  dirolitl  vmnus  plrxus  surrmmrls  the  internal  carotid  artcn'  in  its  course 
through  the  carotid  canal  o£  ilte  tem|x)rai  bone.  It  forms  a  communication  between  the  cavernous 
sinus  and  the  mtemal  jugular  vein  aiKl  also  anastomoses  with  veins  from  the  suhstance  of  tiie 
temporal  bone. 

(h)  Tho  retc  oj  the  liypoj^lossul  caual  is  a  small  venous  plexus  surrounding  the  hypoglossal 
nene,  and  is  connected  with  the  occipital  sinus,  the  internal  ji^gular  vein,  and  the  iiifcrior  petrosal 
sinus. 

(c)  The  f«/f  af  the  foramen  ovale  sunounds  the  mandibular  nerve  and  fonns  a  connectktn 
between  the  cavernous  sinus  and  the  pterygoid  venous  plexus. 
t         The  chief  tributaries  of  the  sinuses  of  the  dura  mater  are  .the  ophthalmic  and  cerebral  veins. 


The  valveless  ophthalmic  veins  do  not  differ  markedly  in  their  ramifications  from  the  course 

of  the  arteries.  This  statement  applies  to  a  certain  degree  to  the  larger  superior  ophthalmic 
vein,  while  the  inferior  ophthalmic  vein  transmits  but  a  portion  of  its  bloof!  to  the  rranial  cavity. 

I.  The  superior  ophttuUmk  vein  (Fig.  679)  commences  anteriorly  in  the  nasojrontal  vein, 
which  accompanies  the  frontal  artery  and  amstomoses  ^rith  the  angular  vein,  which  is  the  com- 
mencement of  the  anterior  fadal  vein  (see  page  90).  It  enters  the  orbit  above  the  medial  pal- 
pebral ligament,  runs  backward  below  the  trochlea  of  the  obltquus  superior  in  the  upper  portion 
of  the  medial  wall  of  the  orbit,  passes  outwanl  .il>ove  tin-  ojitir  ncn-o  and  l>(>low  and  lo  the  outer 
side  of  the  rectus  su[)erior,  and  reaches  the  cavernous  sinus  through  the  superior  orbital  fissure. 
During  its  course  through  the  orbit  it  receives  the  cnferi^  and  posterior  ethmoidal  veins,  the 
mUeriar  and  postmor  eonpmcfival  vdns,  museuhr  veins  with  their  tributary  episderal  and  anterior 
cUiary  veins,  the  lachrymal  vein,  the  vorticose  veins  (see  under  Organs  of  Special  Sense),  the 
posterior  cUiary  'I'cins,  occasionally  the  central  irin  of  the  retina,  which  may  al-^o  empty  inde- 
pendently in  the  cavernous  sinus,  and  Imally  the  superior  terminal  branch  or  an  anastomosis  of 
the  inferior  ophtbahnic  v«n. 

a.  The  inferior  ophthalmic  vein  does  not  pursue  &  constant  course.  It  is  situated  in  the 
lower  portion  of  the  orhit  below  the  optic  ncn,T  where  it  arises  from  the  veins  of  the  lower  lid 
and  tho^e  of  the  lat  hrymal  sat ,  ant!  divities  inio  two  iL-rmina!  l>ran<  hi  s.  otu-  of  which  cither  joins 
the  superior  ophthalmic  vein  or  only  anastomoses  with  it,  emptying  independetilly  into  the  cav- 
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Fio.  590. — The  nrtcric<^  and  \t  [n>  of  the  brain  as  seen  from  above. 
A  piece  of  the  dura  mater  has  been  left  in  situ  aiong  the  superior  sagittal  sinus;  the  sinus  itself  has  been  (^ncd 
longjtudteiilly.  *  —  TerndiiailaB  of  win  in  liaiM. 


eraous  rinus,  while  the  second  terminal  brandi  nms  through  the  inferior  orbital  fissure  to  the 
fadd  anastomotic  vein  (see  page  90)  and  to  die  pteiygoid  j^enis. 

THE  CEREBRAL  VEINS. 
The  cerebral  veins  pursue  an  essentially  different  course  from  that  of  the  arteries,  the  two 
structures  being  pardy  asBOciated  only  in  the  sulci  of  the  surface  of  the  cerebrum.   While  the 
chief  ramification.s  of  the  arteries  are  located  at  tin  1m>L-  of  (he  brain,  no  larpc  veins  whatever 

arc  founfl  in  this  situation;  on  the  contrar\',  the  «^rcal  bulk  of  the  rrrchral  voins,  at  least  those  of 
the  cerebral  hemispheres,  empty  superiorly  into  the  sujKTior  sagittal  ^inus.  The  following  valve- 
less  veins,  usually  arrangctl  in  groups,  are  recognizable: 

1.  The  superior  eer^iU  veins  (Fig.  590)  receive  the  blood  from  the  greater  portion  of  the 
surface  (1.  r.,  of  the  p^ray  cortex)  of  the  cerebral  hcmis[)heres  and  form  from  twelve  to  fifteen  small 
tnmk.s,  which  cm]jty  into  the  ?;i!pcrior  sagittal  sinii-  or  into  the  expansions  of  this  vessel,  which 
are  known  as  the  kterai  lacun:e.  Some  of  the  veins,  especially  the  smaller  ones  coming  from 
the  repon  of  the  corpus  callosum,  terminate  m  the  inferior  si^ttal  sinus. 

2.  The  miJJk  cerebral  vein,  a  larger  vessel  situated  in  the  lateral  cerebral  fissure,  anastomose» 
with  the  superior  ophthalmic  v<  in  1)y  the  ophtfaalmomeQingeal  vein  and  empties  into  the  cav- 
ernous or  the  sjihenoparietal  sinus. 

3.  The  injtrivr  cerebral  veins  (Figs.  589  and  679)  collect  the  blood  from  the  basal  surface 
of  the  cerebral  h^ispheres  and  empty  into  the  cavenious  and  tnmsverse  sinuses,  partly  als» 
into  the  neighboring  sinuses  (petrosal,  intercavernous). 

4.  The  great  rerehrd  van  {Vv^'^.  549  and  6,^S'i  is  a  >hort,  large  single  vein  riinnins^  in  the 
transverse  cerebral  fissure  and  temiinating  in  the  straight  sinus,  which  forms  its  immediate  con- 
tinuation. It  conduct.s  the  blood  from  the  interior  of  the  brain,  particularly  from  the  ventricular 
r^on,  and  is  formct*  by  the  union  of  the  two  itUemal  CfrdmU  veins,  whidi  run  in  the  tela  diori- 
oidea  of  the  third  ventricle.  Each  internal  cerebral  vein  is  formed  in  the  region  of  the  inter- 
ventricular  foramen  by  the  junction  of  the  Irrniin^l  and  ciwrioid  veins.  The  terminal  vein  nms 
in  the  terminal  stria  (see  under  Brain),  receives  the  vein  oj  tite  seplum  peliucidum,  and  collects, 
blood  from  the  thalamus,  the  corpus  striatum,  and  the  corpus  callosum.  The  chork»i  vein 
drains  the  lateral  chorioid  plexus.  Before  their  uniim  to  form  the  great  cerebral  vein,  the  internal 
cerebral  veins  also  receive  the  veins  ol  the  chorioid  plexus  of  tbe  third  ventricle,  the  \'cins  of  the 
lower  surfaces  of  the  rnrp>]«  rallo'f.jm  arifl  of  the  fornix,  the  veins  of  the  pineal  Ixxly,  and  the 
basal  vein  (vein  01  Rosenthal),  an  anastomotic  vessel  wliicli  ascends  from  the  base  of  the  braia 
along  the  crura  cerebri. 

5.  The  superior  cerdtdtcr  veins,  fiom  the  upper  surface  of  the  cerebellum,  pass  partly  to 
the  straight  sinus,  partly  to  the  transverse  sinus. 

6.  The  inferior  cercbellnr  vritn,  from  the  lower  surfaces  of  the  cerebeUum,  pons,  and  medtlUlL 
oblongata,  go  chietly  to  the  inferior  petrosal  and  transverse  sinuses. 
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OTHER  TRIBUTARIES  O!    T;;f  UPPER  PORTION  OF  THE  TNTERNAl.  JUGULAR  VEIN- 

In  addition  to  the  »it)ubc's  ol  ihc  dura  mater,  the  upper  portion  of  the  internal  jugular  vein 
receives  the  following  tributaries: 

X.  The  vein  0f  the  cochlear  catialicitlus  xvaa  item  the  cochlea  through  the  canaliculus  codike 
to  the  superior  bulb  of  the  jugular  vein. 

2.  The  pharyngeal  i  cins  (Fig.  693')  correspond  approximately  to  the  asrcndini;  pliaryngctil 
artcr)'.  They  arise  from  a  widc-mcshcd  pharyngeal  plexus,  situated  upon  the  jxjsterior  and 
lateral  walls  of  the  phar>-nx,  and  also  receive  blood  bam  the  tuba  auditiva  (Eustachian  tube),  the 
palatal  musdes,  and  from  the  vefai  of  the  ptetygoid  canal.  They  are  valvdess  and  usually  empt^ 
singly,  but  in  a  wry  variable  manner,  into  the  internal  jugular  vein. 

3.  The  mnu'ngral  tt/mt  (Figs.  589  and  679)  empty  partly  into  the  sinuses  of  the  dura  mater. 
The  paired  middle  meningeal  veins  which  accompany  the  middle  meningeal  arterj'  upon  either 
side  usually  do  not  pass  immediatdy  to  the  iatemal  jugular  vein,  but  traveise  the  foFamen  spino- 
sum  to  the  pterygoid  plexus,  although  th^  are  also  connected  through  the  rete  of  the  foramen 
ovale  and  by  other  anastomoses  with  the  internal  jugular  vein. 

4.  The  lingual  vein  (Figs.  588  and  695)  drains  approximately  the  same  area  as  that  supplied 
by  the  lingual  artery.  It  empties  into  the  common  facial  vein  quite  as  frequently  as  directly 
into  the  mtemal  jugular  vein,  and  may  also  unite  with  one  of  (he  foUowing  veins.  The  liogual 
artery  b  usually  accompanied  throughout  a  considecable  portion  of  its  course  by  a  double  vein, 
while  a  single  or  double  trunk  of  considerable  size,  the  vetta  cotnitans  of  the  hypoglossal  nerve, 
runs  with  this  stnicMirc  below  (lattTal  to)  the  hyoglossus  muscle.  All  thtso  veins  nsuallv  irnitc 
before  their  termination  lo  form  a  common  trunk.  The  lingual  vein,  which  is  provided  with 
valves  throuji^iout  its  entire  extent,  receives  blood  from  the  tongue,  from  the  submajoUaiy  and 
the  sublingual  ^ands,  and  from  the  muscles  of  the  floor  of  the  mouth.  The  special  tributaries 
are:  {a)  The  sublingual  vein,  which  runs  in  the  floor  of  the  oral  cavity  and  accompanies  the 
suhmaxillar\'  duct  for  some  distance  ;  (b)  the  dorsal  lingual  vrins.  from  the  muroti?  membrane 
of  the  dorsum  of  the  tongue.  The  different  veins  of  the  tongue  anastomose  in  a  plexiform  manner 
with  each  other  and  with  the  phar\-ngeal  and  other  neighboring  vebs. 

5.  The  superior  thyreoid  veins  (Fig.  588)  correspond  in  gmeral  to  the  superkir  th]rreoid 
arter\';  they  are  double  for  either  a  portion  or  all  of  tluir  rotrrsc,  and  arc  provided  with  valves 
like  the  veins  of  the  tont^uc.  They  collect  bloixi  from  tin-  ufifier  [lortion  of  the  lliyrcoid  j^land, 
from  the  upper  i)orlion  of  liie  larynx.  an(i  partly  also  from  ihc  lonltguous  muscuialurc.  They 
frequoitly  empty  into  the  common  facial  vein  instead  of  directly  into  the  internal  jugular  vein, 
and  usually  receive  the  sternocleidomastoid  and  superior  laryngeal  vems^  although  these  vessels 
may  al'^o  empty  independently  into  the  inu  rnal  jumilar. 

In  addition  lo  these  veins  and  disregarding  an  inferior  thyreoid  vein  which  occasionally 
empties  into  the  inferior  bulb,  the  internal  jugular  also  receives  as  its  largest  tribuiar}- 


The  fommon  facial  vein  (Figi.  588,  591  to  503.  and  fviq)  ;>  a  -hor;,  tliit  k  trunk  which  cor- 
resjxjnds  generally,  although  not  in  detail,  lo  the  ramification  ot  the  common  carotid  arterv. 
It  is  devoid  of  valves,  arises  below  the  angle  of  the  mandible  in  the  carotid  fossa  from  the  union 
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Fig.  $91.— The  nerves  and  vessels  of  the  left  side  of  the  head  (third  layer). 
The  nuuKter  liu  been  diTided  in  the  middle  and  reflected,  tlie  temporml  latd*  thrown  Imckward  fmm  the  upper 

margin  '  '  thr  zvy^um:!,  am!  th<>  parotid  gland  an<i  fa(  iai  ncr\c  1 1  mii ilclcl)'  rcni<>\cil.  Several  fat  iai  mu>(li-s  haxi  Vet  r 
partly  dhidcd  and  the  mandibular  mul  chiselled  open  for  a  certain  distance.  *  ■=  Anastoiiiosis  between  supratrochlear 
and  lafhitrarhkar  Dems.  ••  =  Root  oC  posierior  facial  mn  from  pnerygaid  plesw. 

Fir..  51)?. — The  nerves  and  vessels  of  tl)C  fncc  (fourth  layer,  the  deep  fan'al  \'cins\ 
The  zyg^matii.  arch  liis  Keen  removed,  the  !Liii>)rali*  with  the  iuandibuiar  coronoid  process  rellected  upward, 
the  mandibular  neck  excised,  thi-  <  ttt mal  ear  cut  <>n.  and  the  entire  mandibular  canal  opened  up.  * AnaatomMit 
between  Mipaitrochlear  and  infralrtidilear  pcrvca.         Brancfaca  of  buccinator  nerve  passing  to  aHxaua  memlnne 
of  the  cheek.   +  —  Myloh)-oid  nerve.  *on  the  vein  <=>  divided  communication  widi  external  jugular  vein. 

Fig.  593. — The  suix-rfieial  %eitis  nf  tlie  iierk  and  of  the  subclavicul  ir  foss.-i. 
Upon  the  left  side  tlve  greater  portion  of  the  sternocleidomastoideua  hat  been  removed,  the  clavicular  portion  of 
the  pectoralit  major  incncd.'and  the  niyiobyoiid  and  anterior  bdly  of  tlie  digMtifc  divided.   *  «-  Communication  between 
t  xti  rnal  jucrutar  anr!  cnnimon  fadal  vein*.  **  =  Ooc^ital  not  flf  estcmal  jitgidarvdn.  -t-  —Pofiatatinf  branches 
ot  the  internal  mammar)-  vessels. 


of  the  snterior  and  postvkir  facial  vdns,  and  occasionally  receives  in  a  veiy  variable  manner 

one  or  more  of  the  veins  wWch  usually  empty  directly  into  the  internal  jugular  vein  (the  superior 
thyreoid,  the  lingual,  and  the  phariTigeal  veins).  It  is  almost  invariably  connected  with  the 
extenul  jugular  vein  (sec  page  gi)  at  the  anterior  margin  of  tht;  slemocleidomastoideus.  It 
is  superfidany  placed,  being  covered  only  by  the  platysma  and  the  superficial  layer  of  the  cer- 
vical fascia,  and  passes  downward  and  backward,  crossing  the  external  carotid  artery  obliquely. 
Its  termination  corresixjnds  approximately  to  the  level  of  the  hyoid  bone. 

1.  The  anterior  jarial  vrhi  (Vis;^.  511.  542,  5SS,  501  to  503.  6()t,  bQ2,  GqA  to  700)  corresponds 
in  general  to  the  external  maxillarj'  (.facial;  artery,  but  in  the  orbital  region  it  encroaches  upon 
the  teiritoiy  of  ndj^boring  arteries  (ophthafanic,  superficial  temporal).  Upon  the  face  it  is 
situated  some  distaikce  bdiind  the  external  maxillary  artery  and  pursues  a  less  tortuous  course 
than  that  ves.sel,  which  is  accompanied  by  small  \  eins.  Its  origin  is  the  ang:tl(ir  vein,  which  is 
situated  at  the  inner  c  anthuR  and  upon  the  dorsum  of  the  nose  and  is  fornnxl  hy  the  union  of  the 
jronial  and  supra-orbHal  veins,  and  an  anastomosis  with  the  nasojrontal  vein  (see  page  87). 
In  this  situation  the  anterior  facial  vein  also  receives  a  number  of  smaller  veins  from  the  orbital 
region,  namely,  the  infmor  palpebral  veins,  the  external  nasal  veims,  and  a  portion  of  the  superior 
palpebral  veins.  It  furlhernion-  ri  rc  i\  es  ;i  du  p  branch,  known  as  the  jacial  anastomotic  vein, 
which  comes  from  the  tein|K)ral  fossa,  anastomoses  with  the  iJten,-[];o:d  pkxus  and  the  inferior 
ophthalmic  vein,  and  passes  transversely  across  the  buccinator  to  the  anterior  facial  vein. 

Other  tributaries  of  the  anterior  facial  vein  are  the  superior  and  inferior  labitd  vehts;  the  mat- 
seteric  veinSf  the  anterior  parotid  veins,  the  palatine  vein,  coming  from  the  tonsiilar  rqpOQ,  and 
finally,  beneath  the  angle  of  the  mandible,  the  lar^^e  submental  vein,  which  anastomoses  with  the 
sublingual  \h  in  and  is  connected  with  the  anterior  jugular  vein  f^ec  belowV 

2.  The  posterior  jacial  [tcmporomaxillary)  vein  (Figs.  539,  541,  542,  588,  591  to  593,  691, 
692,  698  to  700)  arises  in  front  of  the  ear  by  the  union  trf  the  temporal  veins.  The  superficial 
temporal  veins  corresixind  to  the  branches  of  the  artery  of  the  same  name;  they  do  not,  however, 
actually  accompany  tin  ^e  branrhe^.  but  arc  situated  at  some  distance  from  them  and  are  con- 
'  rll'rtfd  by  wiHe-me5h<  li  anastomoses  with  the  occipital  and  the  frontal  veins.    Thi  v  imite  to 

form  a  single  trunk,  which  runs  either  in  front  of  or  behind  the  superficial  temporal  artery. 
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The  luge  maiMb  Imtporai  vd»  (F^.  591  and  592)^  hamevtt,  puisues  a  diffennt  course  hem 
that  of  the  artery  of  the  same  name.    It  arises  in  the  region  of  the  lateral  angle  of  the  orbit,  where 

it  anastomoses  with  superficial  veins,  runs  almost  horizontally  laterally  and  backward  above  the 
zygoma,  between  the  temporal  muscle  and  the  temporal  fascia,  receiving  branches  from  the 
mtMcle,  perfontes  the  temponl  fascia  iminediately  above  the  root  of  the  zygoma,  and  joins 
^  superficial  temporal  vein  to  form  the  posterior  facial  vein. 

The  j>oslcrior  facial  vein  then  runs  downward  with  the  cxtenial  carotid  artery,  behind  the 
ramus  of  the  mandible  and  under  cover  of  the  parotid  gland,  and  beneath  the  angle  of  the  jaw  it 
unites  with  the  anterior  facial  vein  to  form  the  common  facial  vein.  During  its  course  the  pos- 
terior facial  vein  receives  the  following  branches:  the  aiUerier  auricutar  vehtSf  from  the  outet 
surface  of  the  pinna;  the  mandibular  artkular  veitiSf  from  the  temponMnaziOary  articulation; 
the  tympanic  and  slylojnastoiJ  veins,  from  the  tympanum;  and  the  posterior  parotid  veins,  from 
the  parotid  gland.  The  Irans-Lcrse  jacial  vein,  which  is  iretjuently  jjartly  or  entirely  double, 
also  empties  into  the  |)osterior  facial  vein,  and  the  vein  is  al>o  always  connected  by  a  transverse 
anastomosb  with  the  upper  portion  of  the  external  juguUu:  vein.  One  of  the  largest  tributaries 
of  the  conunon  facial  vein  is  the  short  venous  trunk  which  derives  its  blood  from  the  pterygoid 
plexus. 

Tlie  pterygoid  venous  plexus  (Fig.  502)  is  a  stron^;,  rather  narrow-meshed  venous  network, 
the  greater  portion  of  which  is  situated  between  the  temporalis  and  the  pterygoideus  extemus. 
It  extends  into  the  pterygopalat&ie  fossa  and  corresponds  to  tte  ihtemal  maxillary  artery,  which 
it  surrounds.  In  addition  te  veins  from  the  musdcs  of  mastication,  the  pterygoid  venous  plexus 
rccents  llie  Jeep  temporal  veins  corresponding  to  the  arteries  of  the  same  name,  the  sphrno- 
palaiine  vein  which  conveys  blood  from  the  nasal  cavity,  and  the  masseteric  and  inlcrior  alveolar 
veins,  which  accpmpany  the  similarly  named  arteries  in  a  plexiform  manner.  It  also  receives 
the  mid^  memi^eal  vemSf  Ae  rOe  of  the  farasnm  ovck,  anastomoses  horn  the  inf erfor  ophthalmic 
vein,  and  the  facial  anastomotic  vein.  The  majori^  <rf  the  branches  of  the  plexus  are  provided 
with  valves. 


The  most  marked  of  the  superficial  veins  of  the  nedc  and  the  one  which  usually  receives  all 

of  the  rcmaininc;  wins  is  : 

1.  file  External  Jugular  Vein  (Figs.  541,  54?,  588,  503.  607,  OqS,  and  774!.  The  relations 
and  ihc  caliber  of  this  \  t»M;l  are  variable,  but  it  is  always  smaller  than  the  inltrnal  jugular.  Dur- 
ing the  greater  portion  of  its  course  it  is  situated  upon  the  external  surface  of  the  stemodeido- 
mastoideus,  over  which  it  passes  almost  vertically  downwarrl,  cos  ercd  only  by  the  platysma  and 
the  superfK-ial  ccn'iral  fascia.  It  is  formed  below  the  ear  and  the  parotid  gland  by  tlie  junction 
of  an  anterior  branch,  which  is  usually  the  larger  and  comes  from  the  jx>sterior  facial  vein  (>ee 
above),  with  a  posterior  branch  from  behind  the  car,  which  is  practically  the  posterior  auricular 
vw'n,  but  whidi  also  received  blood  from  some  of  the  occipital  vei»s,*  At  the  posterior  margin 
of  the  Stemodddomastoideus  it  sinks  deeply  into  the  supraclavicular  fossa  and  usually  receives 
one  or  more  veins  corresponding  to  the  branches  of  the  subclavian  artery  (the  superficial  cervicalf 


THE  SUPERFKSAL  (SUBOUTANBOUS)  VBMS  OF  THB  NBOE. 


*  The  groucr  portion  of  the  hlood  of  the  occipital  Tcins  is  poured  lata  the  deep  cervical  veins. 
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transverse  scapular,  and  trans^'erse  cervical  veins),  either  separately  or  as  a  rommon  frimk,  and 
after  alio  receiving  the  anterior  jugular  vein,  it  finally  empties  into  the  venous  angle  or,  more 
rarely,  into  the  subclavfaa  vdh.  It  is  provided  nvith  valves. 

2.  The  anlerior  jugidar  vein  (Fip.  $93  *^  ^)  ^ses  in  the  submental  region  from  tiuo- 
tomoses  with  the  submental  vein.  Tl  rests  ujxjn  tlu-  lower  surface  of  the  mylohyoideus,  passes 
downward  rlfj^^e  to  the  me<Uan  line  superficially  in  front  of  the  stemohyoidcti?,  communicates 
•with  neigliboring  veins  and  particularly  with  the  external  jugular  by  a  transverse  branch,  and, 
passing  deeply  behhid  the  anterior  margin  of  the  stemodeidomastQideus,  usually  tenninatea 
m  the  external  jugular,  although  it  occasionally  empties  into  the  subclavian  or  the  intemal  jugular 
vein.  It  usually  anastomoses  with  its  fellow  of  the  opfiosite  side  by  a  branch  passing  trans- 
versely above  tlv  manubrium  of  fhc  sti  rnum,  the  jugular  venous  arch.  Sometimes  the  two 
anterior  jugular  vcuu  arc  fused  into  a  single  vein  situated  in  the  middle  line,  the  median  van 
oi  the  neel. 

THB  SUBCLAVIAN  VEIN. 

The  suhclaxnan  vein  (Figs.  551,  51^7.  "^'S.  and  7or'l,  the  immediate  continuation  of  the 
axillary  vein,  does  not  correspond  accurate]}  lo  the  arten,-,  since  the  vertebral,  the  deep  ccr\  ical, 
and  the  inferior  thyreoid  veins  empty  into  the  innominate  and  one  or  more  of  the  veins  of  the 
aupiadavicnlar  fossa  (see  above)  terminate  in  the  extcnud  jugular.  At  the  lower  maigui  of 
the  subclavius  the  subclavian  vein  continues  onward  from  the  axillary  and  together  with  the 
two  jugulars  fextema!  and  internal')  forms  the  innominate  vein.  It  lies  in  front  of  and  below 
the  subclavian  artery,  from  w  hii  h  it  is  SL-|iara[(  ii  by  the  attachment- of  the  scalenus  anticus,  and 
it  describes  a  much  ilatter  arch  than  that  of  this  vessel.  In  front  is  situated  the  clavicular  portion 
of  the  stemoclddomastoideus.  It  occasfomally  receives  the  transverse  cervical  or  the  tnmst'erse 
scapular  vein  (see  above),  but  sometimes  has  no  Immediate  tributaries.  Throuj^xxU  its  coune 
the  vein  is  devoid  of  valves,  but  one  of  these  structures  is  situated  at  its  tenmnatiom. 

THE  AXUXARY  VBINt  THE  VEINS  OP  THB  UPPER  BXTKBHTry* 

The  veins  of  the  upper  extremity  are  the  deep  vemSf  which  form  the  venae  comites  of  the 

arteries  and  are  paired  below  the  axillary,  and  the  superficial  or  subeutam  ous  veins,  for  which 
there  arc  nf>  corresjwnding  arteries.  Both  sets  of  veins  arc  providc-d  wilh  vahes,  the  dee])  ^  eins, 
which  arc  poor  in  muscular  titssuc,  l>aving  a  larger  number  ilian  lljc  superficial  ones,  which  are 
provided  with  a  strong  muscular  coat.  The  two  sets  of  veins  are  connected  thioughout  their 
course  by  numerous  anastomoses,  but  the  arrangement  of  the  valves  is  such  that  blood  can  flow 
from  the  deeper  into  the  sup)erlicial  veins,  but  no'  "n  ihc  opiKJsite  direction.  All  the  veias  of 
the  upper  extremity,  both  superficial  and  deep,  arr  dr  lim  d  by  the  axillarj'  vein. 

The  axillary  vein  (Figs.  552,  588,  593,  and  594 J  arises  at  liie  lower  margin  of  the  axillary  fossa 
by  the  union  of  the  two  brachial  veins  and  traveises  the  fossa,  lying  medial  and  anterior  to  the 
artery.  It  is  provided  with  valves,  as  are  also  its  branches,  and  during  its  course  it  receives  the 
following  veins: 

I.  The  Ihornro-arromia!  vein  (Figs.  539,  ^o.'^.  and  7^")  corresponds  to  the  artcrj'  of  the  same 
name  and  frefjuenily  emjities  by  a  short  trunk  in  common  with  the  cephalic  vein  at  the  i>oint 
where  the  axillary  becomes  the  subdavian  vein  or  even  into  the  latter  vessd. 
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r.  The  cephalic  I'cin  (^cc  below). 

3.  The  laleral  tlwrack  vein  ;Figs.  552  and  504),  a  large  vein  \i])fm  \hv  inner  wall  of  the 
axillar)'  fossa,  corresponds  only  in  j)art  wiih  the  aricry  of  the  same  name;  it  pursues  a  course 
parallel  with  the  artery,  but  b  usually  ol  much  larger  size.  It  is  of  special  importance  on  account 
<rf  two  of  its  anastomoses.  The  first  of  thor  is  with  a  marked  and  frequently  partly  paired  vein 
of  the  abdominal  wall,  the  thoraco-rpiga^tric  vriu,  v.  hich  comrs  from  the  region  of  the  superficial 
epigastric  vi-in  and  passes  iipwani  upon  thi;  lateral  thoracic  wall.  This  vessel  may  open  sepa- 
raicU  into  the  axillary  vein,  in  which  case  the  lateral  thoracic  \ein  corresponds  accurately  to 
the  lateral  thoradc  artery.  The  second  anastomosis  talces  place  eidier  between  the  lateral  thoracic 
vein  itself  or  tiic  thoraco-epigastiic  vein  and  the  intercostal  veins  of  the  first  to  the  seventh  inter- 
cnstal  spaces,  thus  forming  the  coslo-axillary  veins.  Tlie  \cin.s  of  tiic  mammary'  gland,  which 
form  the  mamvtiUcry  venous  plexus,  also  send  their  blood  through  these  veins  to  the  axillan,-  \  t  in. 

4.  The  circumflex  humeral,  the  circumflex  scapular,  and  the  subscapular  veins  correspond 
to  the  similariy  named  branches  of  the  axillary  artery. 

THE  DEEP  VEINS  OF  THE  UPPER  EXTREMITY. 

'1  he  origins  of  the  deep  veins  of  the  upper  extremity  are  the  smaJi  proper  volar  digital  and 
conmen  volar  digikU  veins,  which,  like  all  the  deep  veins  of  the  upper  extremity,  accom|>any 
the  arteries  of  the  same  name.  Th^  axe  connected  with  Hm  much  laiiger  superficial  veins  of  the 
back  of  the  hand  by  the  inlercapitular  veins  and  form  double  superficial  and  deep  venous  arcUeSf 
which  accompany  the  similarly  named  arterial  arches.  The  deep  arch  receives  the  voiar  meta- 
carpal 7'eins.  The  venous  arches  give  origin  to  the  radial  and  ulnar  veins,  which  accompany  the 
arteries  of  the  same  name  as  veuB  comites,  each  of  which  is  connected  both  with  its  fellow  by 
numerous  transverse  anastomoses  and  also  with  the  superficial  vents.  In  the  cubital  fossa  the 
radial  and  ulnar  veins  unite  to  form  two  brachial  veins,  which  accompany  the  brachial  artery;  the 
medial  brachial  vein  is  usually  larger  than  the  lateral  and  receives  the  basilic  vein  (see  page  94). 

THE  SUBCUTANBOIA  VEINS  OF  THE  UPPEIt  EXTREMITY. 
The  superficial  or  subcutaneous  veins  of  the  upper  extremity  (Fig.  554}  run  between  the 

skin  and  the  deep  fascia  independently  of  the  arrangement  of  the  arteries  and  do  not  perforate 
the  deep  fascia  until  jvi-t  before  their  termination  in  the  deep  vein«=.  They  originate  in  the  dorsal 
digital  veins,  which  arc  larger  than  the  volar  vessels,  and  receive  the  blood  from  the  volar  aspect 
of  the  finger  tips,  a  condition  of  affairs  exactly  the.2^rse  of  what  olrtahis  hi  the  case  of  the 
conespondhig  arteries.  At  the  bases  of  the  fingers  they  anastomose  to  form  the  digital  venous 
arches  (Fig.  713),  which  are  convex  anteriorly  antl  frequently  double.  From  these  arches  arc 
given  ofT  the  dorsal  melacar pal  veins,  whicli  are  a]>proxitnately  parallel,  irregularly  .irrnnL'ed,  and 
connected  by  numerous  anastomoses.  These  dorsal  metacaqjal  vcim  receive  the  uiicrcapiiulax 
veins  (see  above)  from  the  palm  of  the  hand  and  form  a  wide-meshed  network  upon  the  dorsum, 
the  venous  rete  af  the  dorsum  0/  the  hand. 

From  this  rete  are  formed  the  two  large  subcutaneous  veins  of  the  upper  extremity,  the 
cephalic  and  the  Ijasilir  veins. 

I.  The  cephalic  vein  ^Figs.  539,  551,  554,  588,  593,  595,  596,  699,  700,  710,  711,  and  713) 
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Fig.  594. —  Tlie  bupcrlkial  byer  uf  llie  vt;.sels  and  nerves  of  the  axilla. 
The  skin  and  fat  hAve  been  rejected  from  the  lower  margin  of  the  pectonlk  mftjor  Mid  the  toperficial  fiacia 
removrci.    ♦  ^  Kranchrs  of  ihv  tlmrrii  <Kii)rs.il  vei^h  pacing  to  the  scrratus  nnterinr. 

Fig.  595. — The  cutaiieovis  nerves  and  veins  of  the  flexor  surface  uf  the  upjHir  arm. 
Fig.  596. — The  cutaneous  nerves  and  veins  of  tbe  flexor  surface  of  the  forearm. 
*  -  AnaMomaii*  between  the  lateral  antibc»chial  evitmtau  vme  «»1  the  Mipcr&cUl  facapch  of  ibc  radial  nerve 
The  ika  mid  aTCeiir  tiwie  haw  baca  mond;      lucia  hu  been  iclaued. 


arises  upon  the  back  of  the  hand  usiiaUy  as  a  continuation  of  the  first  dorsal  metaoopal  vein, 
and  in  addition  to  anastomoses  with  the  radial  veins  it  receives  veins  from  the  palm.  Running 

liotvveen  the  skin  and  the  [deep]  fascia,  it  is  at  first  situated  upon  the  outer  portion  of  the  (lnr>al 
siirfiici'  of  tlic  forearm  (Figs.  711  and  713);  it  then  passes  upon  the  volar  surface  of  the  forearm 
(Fig.  596)  and  nms  toward  the  dbov,  where  it  is  connected  with  the  basilic  vein  by  the  median 
cubital  vein  (see  below).  It  passes  through  the  lateral  portion  of  the  cubital  fossa,  runs  in  the 
lateral  bicipital  groove,  and  reaches  the  infraclavicular  fossa  by  [>assing  in  the  groove  between 
the  deltoid  and  the  ixctoralrs  major.  In  this  situation  it  pierces  the  deep  fascia,  descends  into 
the  deltoideopectoral  trigone,  usually  receives  the  thoraco-acromial  vein,  and.  empties  into  the 
axillary  vein.  From  the  cubital  fosaa  to  the  wriist-jcMnt  the  cephalic  vein  is  accompanied  by  the 
lateral  antibrachial  cutanecnis  nerve  and  its  brandies.  A  small  vein  occasionally  runs  parallel 
with  and  lateral  to  the  cephalic;  it  arises  more  to  the  ulnar  side  of  the  hand  and  is  tenned  the 
accessory  cephdUr  van. 

2.  The  basilic  vein  (Figs.  595  to  597,  711,  and  713)  arises  upon  tlic  dorsum  of  the  hand  as 
a  continuation  of  the  fifth  dorsal  metacarpal  vdn.  It  zecnves  the  smaller  veins  from  the  ulnar 
border  of  the  pabn  of  the  hand,  passes  from  the  dorsal  to  the  volar  surface  of  the  forearm,  and 
runs  through  the  inner  ix)rtion  of  the  cu1>ital  fossa  between  the  skin  and  the  [tlce])]  fascia  to  the 
upper  arm,  where  it  lies  uiHin  the  inner  border  of  the  birejjs.  Tt  is  accompanied  by  the  branches 
of  the  medial  antibrachial  cutaneous  nerve.  Below  the  middle  of  the  upper  arm  the  basilic 
vein  pierces  the  brachial  fascia,  runs  a  short  distance  beneath  this  structure,  and  then  passes 
into  the  medial  brachial  vein,  which  usuaUy  seems  to  be  its  direct  continuation. 

The  ceiilndic  and  the  basilic  veins  are  usually  united  in  the  cubital  fossa  by  an  anastomosis 
•situated  in  front  of  the  laccrtus  fibro«us,  the  vuiHan  i:ii!>i!<i!  frht  I'Figs.  596  and  597),  which  is 
directai  oblifiuciy  from  abo\e  downward  and  from  within  outward.  This  vein  usually  carries 
a  portion  of  the  blood  from  the  cephalic  into  the  basilic  vein,  so  that  in  the  upper  arm  the  latter 
vessel  IS  larger  than  the  former.  The  median  cubital  vein  always  anastomoses  with  the  deep 
veins  and  0(  rationally  it  earrle-.  almost  all  the  blood  from  the  cephalii-  into  ihe  basilic  vein,  so 
that  the  former  a[ipears  in  the  u]i])er  arm  a^  a  very  small  \essrl.  In  extreme  cases  a  cephalic 
vein  may  be  entirely  absent  in  the  upper  arm,  being  rci»laccti  by  a  ii.mall  descending  vein,  in  which 
case  the  basilic  vein  is  unustially  la^e  and  b  tenned  the  eapibd  vein.  Between  the  basilic 
and  the  cephalic  veins  and  parallel  to  both  there  is  a  small  vein  ujxjn  the  volar  surface  of  the  fore- 
arm, the  median  antihiuhu-J  rein  iFigs.  596  and  597).  WTien  it  is  well  developed  it  bifurcates 
in  the  ei!l,)ilal  fossa  into  two  Itranehe^.  which  pa>s  tn  the  rr[ihalir  and  lia^ilio  veins  respectively, 
and  arc  known  as  the  median  cephalic  mid  the  median  basilic  veins.  These  veins  then  replace 
the  median  cubital  vdn. 
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Fig.  S97- — ^The  most  frequent  variatHins  in  the  veins  of  the  furearm  (schemaiir). 


THE  INFERIOR  VENA  CAVA. 

The  inferior  vena  cava  (Figs.  389,  390,  413,  and  716)  is  larger  than  the  sujx^rior  and  is,  in 
fact,  the  largest  vein  of  the  human  body.  The  trunk,  which  is  devoid  of  valves,  arises  by  the 
union  of  the  two  common  iliac  veins  in  front  of  the  right  side  of  the  librocartilagc  between  the 
fourth  and  the  fifth  lumV)ar  vertebra-  and  behind  the  right  common  iliac  arti-rj'.  It  runs  upward 
behind  the  parietal  peritoneum  on  the  right  side  of  the  IxkHc-s  of  the  lumbar  vertebra-,  and  is 
in  close  proximity  to  the  alxlominal  aorta  and  is  crossed  by  the  right  internal  spermatic  artery. 

Up  to  the  level  of  the  pancreas  it  lies  close  to  the  right  side  of  the  aorta,  but  behind  the  pan- 
creas it  bends  somewhat  to  the  right  and  at  the  same  time  forward,  and,  piOssing  in  front  of  the 
right  lumbar  portion  of  the  diaphragm,  runs  to  the  vena  caval  fossa  of  the  liver,  in  which  it  is 
closely  adherent  to  the  substance  of  the  liver  (see  page  247).    From  the  fossa  for  the  vena  cava 
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the  vein  passes  out  of  the  abdominal  cavity  through  the  vena  caval  foramen  of  the  diaphragm, 
and  at  once  enters  the  pericardium,  in  which,  invested  by  the  visceral  pericardium,  it  courses  a 
distance  of  about  i  cm.  before  opening  into  the  ri^t  atrium.  Its  orifice  comsponds  to  the 

level  of  the  eighth  to  the  ninth  thorack;  veitebnu 

Since  the  branrhes  of  the  inferior  vena  cava,  arise  partly  from  the  alxlomiiial  viscera  and 
partly  from  the  abdominal  wall,  as  well  as  through  its  two  main  roots,  the  common  iliac  veins, 
from  both  halves  of  the  pelvis  and  both  lower  extremities,  the  branches  are  classified  as  the  vis- 
ceral and  ibt  parietal. 

Visceral  branches  of  the  Inferjor  vena  cava. 

The  visceral  brarK  he-,  of  I  he  interior  vena  cava  are  the  unpaired  portal  vein  and  the  paired 
renal,  suprarenal,  and  iniernai  spcrmaiic  veins. 

THE  I»ORTAL  VEIN. 

The  portal  system  (Fip^.  ■^Rq,  •^oo,  and  56:;  to  567)  n"prp<;en1s  a  «perial  ])ortion  of  the 
venous  circulation.  The  jwrtal  vein  ilseli  carries  to  the  hver  venous  blood  from  that  part  of 
the  alimentary  canal  which  is  situated  in  the  abdomen,  that  is  to  say,  from  the  stomach  and 
entire  l»gth  of  the  small  and  large  intestmcs  [except  from  the  lower  part  oS  the  rectum. — ^Ed.], 
as  well  as  from  the  pancreas  and  the  spleen.  In  the  liver  its  branches  (the  interlobular  veins) 
divide  and  afj^ain  ficcomc  rapi!Iarie>.  from  which  are  fornied  the  liranches  to  the  vena  cava, 
called  hei>aiic:  veins.  <For  details  01  the  more  minute  study  01  these  vessck  see  Sobotta-Huber, 
Histology,  hchmanxi's  Medical  Hand  Atlas,  Vol.  XXVI.)  Consequently,  it  is  the  roots  of  the 
portal  vein  and  not  the  vein  itself  that  correspond  to  branches  of  the  aorta. 

The  portal  rriu  Figs.  389  and  390)  is  a  thick  short  stem,  about  5  cm.  lotlg and  without  valves, 
which  generally  ar  i^e^  Ixliind  the  panrrca=:  by  the  junction  of  the  superior  mesenteric  and  splenic 
veins;  the  inlerior  mesenieric  vein  -dl>o  sometimes  taking  part  in  its  formation.  It  pas>.;rs  from 
the  point  of  ita  formation  between  the  4amina;  of  the  hepatoduodenal  Ugamcnt  to  tlie  right  and 
upward,  thus  coming  to  lie  behind  the  hepatic  artery  and  the  ductus  choledochus.  With  these 
vessels  it  enters  the  portal  fissure,  divides  into  a  stronger,  shorter  right  branch  and  a  weaker  but 
longer  left  branrh,  fnun  Itolli  of  which  V^ranihcs  penetrate  llie  !iver  tissue.  The  vessels  earrj'ing 
the  [lortal  t)lood  fnvm  the  liver  are  known  as  the  iupatii  irins  and  consist  of  a  number  of  branches 
{vena  iupatiue  mitwres)  which  open  into  the  inferior  \  ena  cava  in  the  region  of  the  caval  fossa 
and  also  of  a  number  of  medium-si^ed  stems  and  two  or  three  larger  ones  (wt$tt  hepa^at  mafores), 
which  open  into  the  inferior  vena  cava  where  that  vessel  leaves  the  liver,  shortly  before  pierdng 
the  diaphragm.    The  roots  of  the  ftortal  vein  arc: 

I.  The  superior  mesenteric  vein  (Tigs.  565  and  566),  the  main  root  of  the  jxirtal  vein  and 
apparently  the  prolongation  of  its  principal  stem,  accompanies  the  superior  mesenteric  artery, 
to  which  it  corresponds.  It  runs  up  with  the  artery,  lying  to  the  right  of  it,  in  the  root  of  the 
mesentery,  but  only  as  far  as  its  junction  with  the  splenic  vein.  It  collects  the  valvele^^  v  I'nous 
branches  corresjjonding  to  and  arrompanyinu'  th.e  arterial  branches  to  tlu  inies'dni  ,  ihal  is  to 
sav,  the  intestinal  veins  ijemml  and  iliat)  from  the  small  intestines,  the  right  and  middle  colic 
and  the  ileocolic  veins  from  the  large  intestines,  the  pancreatic  and  pancreaticoduodenal  veins 
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Fio.  59S.— Plan  of  the  fcui  drculatioo.  Veaeli  carrying  arterial  blood  are  colored  red  ;  Iboae  carrying  vmous 
Uood,  Uoe :  those  carrying  mi«d  blood,  vMcC  The  hlood  ttrcam  (nun  the  tiaifaakal  vdn  thratigh  the  ttver  ii 
iadicatccl  l<y  riotied  Unea, 
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from  the  pancreas  and  the  duodenum,  and  the  righl  gastro-epiploic  vein  from  the  stomach  and 
omentum.    Sometimes  it  also  receives  the  inferior  mesenteric  vein. 

2.  The  sph-nk  vein  (vaia  litnalis)  (Figs.  565  and  567),  the  second  main  root  of  the  portal 
vein,  courses  in  company  with  the  similarly  named  arterj'  parallel  with  but  behind  the  upper 
border  of  the  pancreas,  directly  from  left  to  right.  It  is  situated  below  the  arter}',  receives  the 
splenic  veins,  the  short  gastric  veins,  and  the  iejl  gastro-epiploic  vein.  Furthermore,  in  most 
cases  it  receives  the  inferior  mesenteric  vein. 

3.  The  inferior  mcsenUric  vein  (Fig.  567)  corresponds  to  the  similarly  named  artery,  with 
which  it  rims  parallel,  however,  only  in  its  peripheral  portion.  The  main  stem  of  the  vein  crosses 
the  origin  of  the  arter)',  goes  up  behind  the  pancreas,  and  opens  usually  into  the  splenic  vein, 
more  rarely  into  the  superior  mesenteric  vein  or  at  the  point  of  junction  of  the  two.  It  receives 
the  superior  hemorrhoidal  vein,  the  sigmoid  veins,  and  the  left  colic  vein,  and,  therefore,  carries 
away  the  blood  from  the  left  part  of  the  large  intestines  and  rectum  and,  in  the  rectal  wall,  takes 
part  in  the  formation  of  the  hemorrhoidal  ple.\us  (see  page  100). 


(divided) 

Fig,  599. — Plan  of  the  circulation  in  the  fetal  liver.    \'cssels  carrying  arterial  bUtod  are  rolorcil  rc<l;  those  carrj'ing 

venous  blootl,  blue;  those  carrying  mixed  blood,  violet. 

4.  The  coronary  vein  oj  the  stomach  {gastric  vein)  (Fig.  564)  corresponds  to  the  two  arteries 
bearing  the  same  name,  and  runs  along  the  lesser  cunaturc  of  the  stomach  from  left  to  righl, 
receiving  veins  from  the  abdominal  |)ortion  of  the  rcsophagus,  the  cardia,  and  the  anterior  and 
|X)sterior  surfaces  of  the  stomach.  It  anastomoses  with  the  pyloric  veins  in  the  region  of  the 
pylorus  and  empties  generally  into  the  {xirtal  stem  behind  the  superior  part  of  the  duodenum. 

5.  The  cystic  vein  (Figs.  564  and  565)  runs  with  the  similarly  named  arter)'  in  the  wall  of 
the  gall-bladder  and  empties  either  into  the  stem  or,  more  often,  into  the  right  branch  of  the  portal 
vein. 

In  the  fetus  the  umbilical  vein  is  connected  to  the  portal  vein  until  birth,  after  which  it  is  obliterated  and  becomes 
the  ligamentum  teres  of  the  liver  (see  Vol.  II..  i>ages  58  and  i6q).    Its  continuation  to  the  vena  cava  inferior,  known  as 
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the  iatku  vmosKf,  curies  Mood  only  untfl  birth,  wliereupoa  it  btcomet  the  ligwnentttm  ductttt  venorf.  However,  all 

through  lift-  sma"!  vi  iiifi,  known  as  thi-  pizra-umhilicnl  veins  (Sap[><'y>,  run  along  the  ligarru-ntum  \vrv%  arising  from  cuta- 
neous veins  in  rt-giun  of  ihc  ui'ibilii  us  iiml  extending  to  the  liver  tissue  {accessory  portal  -.(ins),  lii  addition,  the 
portal  ^tem  anastomoses  through  the  hemorrhoidal  plexus  of  the  rectum  with  the  middle  and  inferior  hemorrhoidal 
veiai,  and  along  the  abdominal  portioQ  o£  the  oeaophagva  with  the  nmnphageal  veinsi  and  Ihua  with  the  **itg»  vpin. 

TIB  FADtBD  VBCBUL  VBANCHH  OP  THE  mFHUOR  VBNA  CAVA. 

1.  The  renal  vans  (i1g&.  413  and  716)  open  into  the  vena  cava  at  right  angles,  at  the  level 

of  the  :^crond  lumbar  vcrtclira.  They  accoitipan\  the  similarly  named  arteries  and  arc  formed 
just  in  front  of  the  hihis  of  the  kidney  by  the  union  of  three  to  five  roots  issuing  from  the  renal 
sinus  and  the  kidney  tissue.  The  left  vein  is  considerably  longer  than  the  right,  since  it  must 
CRffis  the  median  line  befwe  teaching  the  inferior  vena  cava.  In  so  doing  it  i>as8es  dose  beneath 
the  root  of  the  superior  mesenteric  artery,  and  transversely  across  the  abdominal  aorta  (more 
rarely  behind  the  aorta),  and  it  receives  the  left  intonal  qiermatic  and  the  suprarenal  veins. 
The  renal  veins  may  have  valves  at  their  moiith?. 

2.  The  suprarenal  veins  from  the  ?.uprarciiaU.    The  left  empties^  into  llie  left  renal  vein. 

3.  The  interml  spermatic  wins  (Figs.  413,  490,  571,  and  716)  corres[X)nd  to  the  similar 
arteries,  and  in  the  mak  are  called  testicular  veins,  in  the  female,  ovarian  veins.  The  left 
internal  spermatic  vein  opens  into  the  left  renal  vein. 

The  !rs!inilar  ''spermatic)  vein  arises  a=.  a  thick,  closely  woven  network,  the  pampiniform 
plexus,  at  the  posterior  bonier  of  the  testes,  passes  upward  in  the  sixirmatic  cord  still  somewhat 
in  the  form  of  a  plexus,  supplies  this  cord  by  means  <rf  several  branches,  and  finally  forms  a 
smi^e  Stan  in  the  abdominal  cavity. 

The  ovarian  vein  (Fig.  570)  also  begins  as  the  pampiniform  plexus  at  the  hilus  of  the 
ovar\'  in  the  mesovarium  and  accompanies  the  artery,  grailually  losinj;  in  tt<  cnttrse  its  plexi- 
lorm  arrangement.    The  veins  of  this  plexus  have  their  valves  incompletely  developed. 

THE  PARIETAL  BRANCHES  OP  THE  INFERIOR  VBNA  CAVA* 

In  addition  to  the  two  common  iliac  veins  the  infoior  vena  cava  receives  the  following  parjetal 

branches : 

I.  The  injerior  phrenic  veins  corres[x>nd  to  the  similarly  named  arteries  and  open  into  the 
main  stem  just  below  the  vena  caval  foramen. 

3.  The  ItutUmr  veins  I  to  IV  (Fig.  716)  coocspond  to  the  arteries  beside  whicb  they  course, 
flowing  in  the  same  direction  as  the  intercostal  vdns  (see  page  Zi).  They  are  provided  with 

valves,  open  postcriorlv  into  ilie  inlVrior  vena  cava,  and  are  ronnerted  (o  one  another  In-  rom- 
raunicating  ascending  branches,  called  the  ascending  lumbar  veins,  which  also  bring  about  anas- 
tomoses with  neighboring  veins. 

THE  OOMiaON  ILIAC  VEIN. 

The  common  iliac  vein  fFig^.  413  and  569)  is  a  short,  valvelcs?  stem,  which  corresiX)nds  to 
the  similarly  named  artery  on  either  side  and  is  formed  by  the  union  of  the  hy|x>gastric  and 
external  iliac  veins.  The  right  common  iliac  is  shorter  than  the  left,  which  crosses  the  anterior 
surface  of  the  fifth  sacral  vertebra  obliquely  and  receives  an  unpaired  middle  sacral  vein. 
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oonesponduig  to  the  similuly  named  artery.  The  common  iliac  vein  lies  at  first  behind  its 
corresponding  artery  and  tfirn  i>asses  along  its  right  siilc.  The  right  vein  does  not  have  any 
branrbt^,  the  left  only  the  middle  sacral  vein,  and,  generally,  an  anastomosing  branch  to  the 
ascending  lumbar  vein. 

The  middk  saenU  vein  arises  on  the  anteTk>r  surface  of  the  sacnim  from  the  ankrior 
sacral  flexiu,  which  is  formed  by  branches  from  the  lateral  sacral  vcin.s;  it  passes  upward  along 
the  corres()ondtng  artery,  at  first  as  a  double  stem,  later  becoming  single,  and  receives,  as  a  rule, 
the  lowest  lumbar  vein, 

THE  HYPOGASTRIC  YBIN. 

The  hypogasirk  (tHtemal  iliac)  vH»  (Figs.  569,  570,  and  716)  is  a  short,  thick,  valveless 

stem,  which  lies  behind  the  corre>|x)nding  arten.'.  Its  bninches  may  be  classified  in  a  manner 
similar  to  the  arterial  Viranrhc:  into  parietal  and  vi-n  ral.  The  former  accompanv  ihi  tr 
respective  arteries  and  are,  as  a  rule,  douijie,  while  the  latter  form  very  line,  strong  plexuses, 
which  deviate  considerably  from  the  course  of  the  artories. 

The  Piarielal  Branches. — i.  The  superior  gluieid  vein  accompanies  the  brandies  of  the 
alter}'  as  two  stems,  which  unite  on  entering  the  pelvis  to  form  a  single  stem  [)rovidcd  with  valves. 

2.  The  injm'nr  f^fuiml  'c  in  (Figs.  569,  570,  and  717^  "ihows  the  same  rdniions  a^  the  pre- 
ceding one  and  corrcsponti>  to  the  artery  even  so  far  as  to  anastomose,  as  a  rule,  with  the  circum- 
flex femoral  and  perforating  veins. 

3.  The  obturator  vein  corresponds  to  the  artery;  its  branches  are  usually  double  and  it 
anastomoses  not  only  with  the  veins  of  the  thigh  but  also  with  the  external  iliac. 

4.  The-  lateral  sarral  veins,  generally  double,  acrnmpany  the  rorres|if»ndini:  arlen*  and  its 
branches,  and  arise  on  the  anterior  surface  of  the  sacrum  from  the  \\ide-meshed  anterior  sacral 
plexus,  in  the  formation  of  which  the  middle  sacral  vein  also  takes  part. 

5.  The  Uklumhar  vein  (Fig.  716),  whose  branches  are  for  the  most  part  double,  accompanies 
the  corresponding  artery  and  anastomoses  with  the  fifth  lumbar,  the  ascending  lumbar,  and  the 
deep  (■in  '.irnt'!c  x  ih'ac  veins. 

The  Visceral  Branches. — i.  The  inkrnal  pudendal  vein  (,1'igs.  56S  to  570  and  724)  accom- 
panies its  cones}^>onding  artery  partly  as  a  double  stem  and  partly  as  a  network.  It  arises  from 
the  deep  vein  0}  the  penis  {clitoris)t  the  urethral  veins,  the  van  of  the  bulb  of  the  urethra  {vestibule), 
the  posterior  scroinl  [lihial]  veins,  and  partly  from  the  injerior  kemorrhoiJal  veins. 

7.  Th<'  pudendal  plexus  (Fig^.  4^^,  483,  and  371^1  iitUc^  prinripal!y  from  the  unpairrf!  dorsal 
vein  oj  the  penis  (in  the  female  from  the  dorsal  vein  of  the  clitoris),  which  runs  along  the  dorsal 
surface  of  the  penu  between  the  paired  similarly  named  arteries.  Its  roots,  partly  divided  into 
several  branches  which  possess  valves,  are  situated  at  the  posterior  border  of  die  glans  penis,  and 
from  here  it  passes,  coveretl  Ijy  the  tendons  of  the  ischiocavemosi,  between  the  an  ualt;  ligament 
of  the  pii1)is  and  ilu  transverse  ligament  of  the  jx'lvis,  to  the  plexus  lyinc;  in  fron;  of  tlic  pro>^tatc 
gland  an<i  fundus  of  the  urinarj'  bladder.  This  plexus  drains  into  the  hypogastric  veins  either 
directly  or  by  means  of  the  veins  of  the  bladder. 

3.  The  kemorrhoiid  piexus  (Figs.  569  and  570)  rests  upon  the  posterior  surface  and  the 
lateral  portion  of  the  wall  of  the  rectum.  From  it  arise  the  superior  hemorrhoidal  vein,  which 
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passes  to  ihc  portal  ^sce  page  98),  ihe  middle  hanorritmdal  vein,  which  opens  inlo  ihe  hy|X)gastric, 
and  the  inferior  hemavhoidal,  passing  to  the  internal  pudendal. 

4.  The  vesica  pUxns  (Fip.  569  and  570)  is  a  wide-meshed  network  along  the  lateral  and 
poBterior  surface  of  the  bladder,  which  anastomoses  with  the  pudendal  plexus  and  opens  into  the 
hypogastric  vein  through  several  vcsiral  \r'm^. 

5.  The  ulerffvagiml  phxus,  which  occurs  only  in  the  female,  i^  a  widc-meshed  network 
along  the  side  of  the  vagina,  and  is  continued  as  a  fine-meshed  strong  plexus  along  the  side  of 
the  cervix  uteri  and  in  the  broad  ligament  close  to  its  insertion  into  the  body  of  the  uterus.  It 
i>  c  losely  connected  with  the  nd^boring  pelvic  plexuses  and  drains  into  the  hypoj^tiic  vein 
through  the  uterine  vein. 

THB  BlCTBitNAL  ILIAC  VON. 

The  external  Uiac  vein  569,  570,  and  716)  is  the  second  main  root  of  the  common  jliaCt 
and,  as  it  is  a  direct  continuation  of  the  frmornl  \  i  in,  i-  the  princliial  win  of  the  lower  extremity. 
With  the  femoral  and  ])Opliteal  veins  it  forms  a  continuous  vascular  trunk  w  hit  h  receives  dilTc runt 
names  in  different  portions  of  its  course.  The  portion  above  the  inguinal  ligament,  which  is 
destitute  of  valves,  is  called,  like  its  conesponding  arter>',  the  external  iliac  vein.  It  is  at  fiist 
situated  hi  the  venous  lacunse  to  the  median  side  of  the  artery  and  lateral  to  the  crurd  canal  and» 
on  the  left  side,  then  passes  up  along  the  medial  side  of  the  artery  and  the  medial  border  of  the 
p«oa«  major,  while  fhc  ri«»lit  vein,  which  at  fir!^t  is  also  situattx!  medial  to  the  artery,  in  it^  upward 
course  passes  behind  the  artery  before  uniting  with  the  hyfxjgastric  to  form  the  common  iliac 
vein.  In  the  vascular  lacuna;  the  external  iliac  vein  receives  the  following  afteroits: 

I.  The  Mt/«r*0r  (deep)  epigastric  vein  (Figs.  553,  569,  570,  and  716)  corresponds  to  the  sim- 
ilarly named  artery  and  has  a  simple  trunk,  although  its  branches  are  double.  It  jxjssesses  valves 
and  anastomose^  witli  the  ohtttrator  vi  in  behind  the  superior  ramus  of  the  pubic  bone.  Very 
often  it  receives  the  following  vein  >horily  before  its  termination. 

3.  The  deep  eirctm^  Uiac  vein  (.Figs.  569,  570,  and  716)  corresponds  to  and  accompanies 
the  artery  of  the  same  name.  It  has  valves,  is  generally  double,  and  opens  either  separately  or  in 
canjunction  with  the  preceding  vein  into  the  external  ih'ac. 

THE  FEMORAL  VEIN. 

The  jemoral  vein  (Figs.  573  to  575)  is  a  strong  vessel  which  receives  both  superficial  and 
deep  veins,  and  is  situated  ht  the  sheath  of  the  corrcspondhig  artery,  from  which  it  is  separated 

by  a  connective-tissue  septum.  It  is  formed  in  the  region  of  the  adductor  hiatus  by  the  popliteal 
vein,  of  which  it  i-.  the  din  rt  continuation,  and  at  first  it  lies  behind  and  a  little  lati  ral  to  the 
artery,  later  passing  cxatlly  ijehind  the  artery  lo  reach  its  medial  side  in  the  ileopectineal  fossa. 
In  the  region  of  the  fossa  ovalis  it  is  superficial,  covered  only  by  fat  and  the  subinguinal  lymph 
nodes.  It  contains  a  series  <rf  paired  valves  and  its  branches  are  partly  deep  and  partly  (sub)* 
Ctttancou-. 

The  Superficial  Branches  of  the  Femoral  Vein.— All  the  superficial  liraruhe-  ix>ssess 
valves  and  open  into  the  terminal  portion  of  the  femoral  vein  in  Uie  neighborhood  of  the  fossa 
ovalis. 


t)igitized  by  Google 


103 


ATLAS  AND  TEXT-BOOK  OF  HUMAN  ANATOMY. 


Fio.  600. — 'The  supoficfol  veins,  arteries,  and  nerves  of  ttte  anterior  sariaoe  of  Uie 

Fin.  ftoi — The  ';u]XTficial  veins,  arteries.  :ind  nen'cs  of  the  medi:il  surface  ot  tbc  Icf^ 
*  i>  Conncctiun  with  the  deep  veins.    **     Connection  with  the  small  wpbcnous  vein. 


J,  The  superficial  epigastric  vein  (Fig.  600)  accompanies  its  artery,  but  is  larger,  and  carries 
blood  from  the  abdominal  wall  to  the  femoral  vein.  It  anastomoses  with  tlu-  inferior  epigastric, 
with  the  axillary  through  the  ikoraco-epigastric  vein,  and,  through  the  para-umbiiicals,  with  the 
portal. 

2.  The  txUmal  pudendal  veins  (Fig.  600)  correspond  to  their  arteries  and  receive  the  anterior 

scrotal  (labial)  veins,  as  well  as  the  subcutaneous  dorsal  vein  of  the  penis  (clitoris).  They  open 
eitlu  r  directly  into  the  femoral  vein  in  the  region  of  the  fossa  ovalis  or,  as  is  often  the  case,  into 

ihe  long  saphenous. 

3.  The  supcrficUd  dramfiex  Uiac  vein  corresponds  to  its  arter}.  It  is  partly  double  and 
very  often  opens  into  the  long  saphenous  vein. 

4.  The  long  saphenous  vein  (Figs.  317,  600,  601,  719,  and  720)  is  the  longest  of  all  the  cuta- 
neoii'?  vi  lns  of  the  body,  extending  from  tlie  toes  to  jii-l  brlow  llu-  in.<:;uinal  ligann-nt.  Its  roois 
have  iheir  origin  in  tlu-  medial  {wrtion  of  the  widc-meshed,  sujxjrtkial  venaus  rcle  oj  ihe  dorsum  0} 
the  loot,  which  also  gives  rise  to  the  other  large  vein  of  the  leg,  the  small  saphenous.  As  in  the 
hand,  so  the  dorsal  vdns  of  the'  toes,  the  dorsei  digital  veins,  are  larger  than  the  plantar.  They 
give  off  irregularly  anastomcx;ing  branches,  the  dorsal  metatarsal  veins,  whii  li  form  an  archctl  anas- 
tomosis, the  dorsiil  vmous  arch  oj  the  foot,  in  the  metacariKil  region.  The  long  ?a]>!ienous  \  {  in 
arises  from  the  metiial  portion  of  this  arch  and  from  the  smaller  plantar  veins.  Anastomosing 
frcc}ucntly  with  the  deep  veins,  it  ascends  in  front  of  the  medial  malleolus  up  the  medial  surface 
of  the  legi  crosses  bdiind  the  medial  epicondyle  of  the  femur,  remaining  superficial  between  skin 
and  fascia,  and  ujwn  the  thigh  it  gradually  lum>  from  the  medial  to  the  anterior  surface  and 
enters  the  femoral  vein  sufwrior  to  the  margin  of  the  lateral  falciform  ligament  in  the  region  of 
the  fossa  ovalis  (sec  Vol.  I.,  page  232). 

Throughout  its  course  it  is  subcutaneous  and  gradually  increases  in  size  while  ascending, 
colkcttng  numerous  cutaneous  veins  from  the  medial  and  posterior  surfaces  of  the  leg,  and  from 
the  anterior  and,  to  a  certain  extent,  the  posterior  surface  of  the  thig^.  It  forms  several  anas- 
tomoses with  the  small  sa;)]ienous  vein  and  is  arcom|ianied  in  its  course  along  the  leg  and  foot  by 
branches  of  the  saphenous  nerve.  Occa.sionally  there  occurs  in  the  thigh  a  rather  inde|>endent 
parallel  vein,  the  accessory  saphenous  vein,  which  collects  the  cutaneous  veins  from  the  median 
and  posterior  surface  of  the  thigh  and  unites  with  the  long  saphenous  in  the  region  of  the  fossa 
ovalis. 

The  Deep  Branches  of  the  Femoral  Vein. — Tiic  (lce[i  vi  in-  of  the  thigh  (Figs.  57,'^  to  575) 
are  double  stems  which  arcompany  ttie  corre-jKjnding  arlerial  branrhe*:.  In  addition  to  some 
small  veins  accompanying  the  femoral  arlery,  there  arc  the  deep  jenu>ral  veins,  which  generally 
open  into  the  femoral  vein  as  a  sin^e  short  stem,  and  aie  formed  by  the  (double)  medid  femoral 
dreumfiex,  the  UUertd  femoral  ekctmflext  and  the  perforating  vesnst 
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THE  POPUTEAL  VEIN. 

The  popliteal  vein  (Figs.  579,  580,  antl  718)  accompanies  its  artery  lying  behind  and  some- 
wliat  lateral  to  it  h  the  popliteal  foasa.  In  the  Iowa  portion  of  tiie  popliteal  space  it  may  be 
double,  while  above  it  is,  as  a  rule,  single  like  the  femoral  vein.  In  addition  to  its  deq>  lOOtSy 
the  tibial  veins,  it  ri-ccivcs  one  of  thr  two  large  superficial  veins  of  the  leg,  namely: 

T.  Tht-  SwaU  Stip}ir7ii>u.s  ]'rin  (Figs.  576  and  718  to  720).  It  arises  from  the  lattTal  {>ortion 
of  the  venous  rctc  and  the  venous  arch  (see  above)  of  tlic  dorsum  of  ihc  foot,  anastomosing  also 
with  the  deep  plantar  vebis.  From  here  it  courses,  hi  company  with  the  brandies  of  the  sural 
nerve,  behind  the  lateral  malleolus  and,  resting  upon  the  lateral  border  of  the  tend<m  of  Achilles> 
reaches  the  middle  of  the  calf,  where,  below  the  jjopliteal  region,  it  |)ierces  the  fascia  and  reaches 
the  popliteal  fo>-a  by  passing  through  the  proosx-  bi  twet  n  the  two  heads  of  the  gastrocnemius. 
Here  it  usually  divides  into  two  branches,  the  main  branch  uniting  with  the  popliteal  vein,  while 
the  odier  passes  toward  the  thig^  to  unite  with  the  deep  vrins  of  its  posterior  surface,  especially 
with  the  lower  perforating  vdns.  By  a  superficial  side  brandi,  the  Jmaropofiiteal  vein^  this 
branch  is  connected  with  the  long  saphenous  vein.  In  addition  to  its  anastomoses  with  the  deep 
veins  of  the  leg,  the  small  saphenous  vein  also  receives  the  superficial  veins  of  the  lateral  and 
posterior  surfaces  of  the  crus. 

3.  The  deep  roots  of  the  (iopliteal  vein  (Fig.  731)  are  all  double  veins  accompanying  arteries* 
They  lie  in  the  sole  of  the  foot,  where  fhey  form  an  arrangement  similar  to  that  occurring  in  the 
palm  of  the  hand.*  The  plantar  digital  veins  form  the  plantar  metatarsal  veins  and  the  deep 
plantar  venous  arch,  from  which  the  lateral  planfar  vrins  arise;  thc^e,  like  the  weaker  medial  plantar 
vetHSf  corresponding  to  the  respective  arteries  and  forming  the  posterior  tibial  veins,  which  receive 
the  penmeal  vdns.  They  then  unite  with  the  anterior  iibitU  veinSf  which  arise  from  the  dorsat 
mtfatarsal  vmnSf  to  form  the  popliteal  Vfins. 

•^THE  lymphatk:  system* 

In  llie  humnn  body  the  lymphatic  system  apf>ears  to  be  an  appendage  to  the  vascular  system 
and  especially  to  the  veins  into  which  the  large  lymph  vessels  empty.  It  differs  from  the  vascular 
system  in  the  llr.st  place  by  >tarting  with  capillarii's,  the  lymph  capillaries,  which  form  the  origin 
tX.  the  entire  lymphatic  system  and  contribute  a  peripheral  network  extending  to  almost  all  parts 
<rf  the  body.  These  capillarii  ^  an-  nut  inter] >ose(I  between  the  ends  of  larger  vessels  as  are  those 
of  the  vascular  system,  but  f<trm  the  be  ginning  I'or  end)  of  the  entire  system.  From  the  lymph 
caj)iilaries  usually  vcr\-  tine  and  thin -walled  lymphatic  ves^ffs  arise,  which  are  for  the  mo-st  i)arf 
situated  superlicially  and  are  then  calkxl  superficial ^ympluilic  vtsuls,  while  a  smaller  number  of 
deep  vcssek,  the  deep  lymphaHc  vessds,  accompany  the  huge  blood-vessels. 

The  lymphatic  vessels  are  much  thinner  walled  and  much  weaker  than  the  blood-vessels  and, 
with  the  exception  of  the  lymjih  capillaries,  have  but  little  inclination  to  anastomosis.  '  In  addition, 
thev  pursue  a  relatively  straight  and  extended  coiirse;  if  they  unite  it  is  at  a  sharp  angle  into  vessels 
which  are  but  little  larger  than  themselves,  and  t!ie\  may  run  long  distances  j>arallel  with  others, 

•  In  ibc  *>le  ul  titc  ftx>t  there  is  also  a  fine  supcrliciai  venous  nclwrrk,  Ihc  fUinlar  itnous  rrU,  and  furthermore, 
inttrcapitular  xtins  allow  of  the  pa«H^  of  tdood  from  tbc  pUiiOr  veins  into  the  wperfidul  venous  leteof  the  ilorauni 
of  the  foot,  jut  M  in  the  hADd. 


Digitized  by  Google 


104 


ATLAS  AND  TEXT-BOOK  OF  HUllAN  ANATOMY. 


at  Icasi  in  the  case  of  the  sujx;rficial  lymphatic  vessels.   Some  of  the  deeper  vessels  are  of  especial 
siae  and  are  called  lymphalie  trunks,  and  all  liave  valves  which  are  comparatively  close  together. 
A  further  peculiarity  of  the  lymphatic  >ystcm  which  distinguishes  it  from  the  blood -vascular 

system  is  presented  in  the  lymph  glands  or  nodes  which  ari.'  inter; msc*!  in  ihi  lymphatic  cireuhition. 
The  1)  m})li  passing  from  the  lymph  capillaries  to  the  lymph  vessels  never  llows  directly  inio  the 
venous  system,  but  always  traverses  several  hmph  nodes  on  its  way.  These  nodes  (for  the  Imer 
structure  secSobotta^Huber's  Histelogy,  Lehmann's  Medkat  Hand  AilaSt  VoL  XXVI.)  rarely 
occur  singly,  but  are  arranged  in  smaller  or  larger  groups  in  definite  regions  of  the  body.  They 
arc  most  numerous  in  the  trunk  or  at  the  ix)ints  of  attachmmt  of  extremities  to  the  trunk,  but 
they  occur  but  rarely  in  the  extremities  themselves.  Each  node  recei\  e^  as  afferent  vessels  either 
peripheral  lymph  vcssds^orjrcsscls  from  neighboring  nodes  Ivin;;  nearer  the  periphery',  and  slightly 
'Tiii^^'^ffiM-pnr\y«L<;g^  to  a  mAra.ripntrally  1o<  ated^  nodq^  and  to  finally 

enter, a_trunk.  In  this  manner,  throuj^  the  interix)sition  of  lymph  nodes  in  the  roSETof InaTnT 
Tymph  stems,  lymphatic  plexuses  arise,  neighboring  lymph  nodes  being  u-u;i]lr  connected  by 
several,  generally  short,  vessels.  The  size  of  the  nndcs  varies  ronsiderahlv,  the  smaller  lying 
generally  nearer  the  periphery,  while  the  larger  ones  are  nearer  the  center  of  the  body.  How- 
ever, in  certain  peripheral  regions  quite  large  nodes  may  occur,  the  larg^  (normal)  nodes 
having  a  diametCT  of  scarcely  3  cm.,  while  the  smaller  ones  often  are  onty  one-tenth  this  size. 

The  Large  LYMPiiATic  Stems. 

The  distribution  of  the  large  lymphatic  stems  is  such  that  each  extremity,  each  side  of  the 
head  and  neck,  and  the  abdommal  viscera  have  a  special  stem  through  which  the  lymph  Rows. 
There  are  thus  aewn  laige  lymphatic  stems,  three  of  which  unite  to  form  a  eeHwmon  fpinlt,  ^ 
tfaoEBcis-duct,  tjisJlugest'^rmph  vessel  in"  the  body,  which  generally,  before  emptying  htto  the 
venous  system,  receives  two  other  stems,  while  fhc  remaining  two  usually  form  an  independent 
Stem  of  their  own.  There  are  in  addition,  however,  two  smaller  steins,  varj  ing  somewhat  in  their 
beiiavior,  whidi  drain  the  chest  wall  and  the  thoracic  vuscera. 

1.  THE  THORAQC  DUCT. 

The  ihorai  ir  dtirf  ■'Figs.  538,  587,  602,  and  605)  is  generally  formed  about  the  level  of  the 
second  lumbar  vertebra  by  the  union  of  the  two  lumbar  trunks  v\  iih  the  intestinal  trunk  to  form 
a  rather  long  irregular  enlaigement,  the  eistema  {recepiaculum)  chylL  Fhxn  this  point  the 
thoracic  duct  passes  as  a  thm-walled,  irregular,  occasiwally  even  plexiform  stem,  bdiind  and  to 
the  right  of  the  aorta,  through  the  hiatus  aorlicus,  and  then,  resting  upon  the  anterior  surface  of 
the  thoracic  \  ertebnr,  it  ascends  between  the  thoracic  aorta  and  azygos  vein  fo  the  level  of  the 
fourth  thoracic  venebra,  where  it  bends  toward  the  left,  passing  behind  the  oesophagus,  and 
emerges  between  the  left  subclavian  and  the  left  common  carotid  arteries  through  the  superior 
thoracic  aperture  mto  the  left  siqwadavicular  fossa.  From  here  it  curves  forward  and  downward 
over  the  arch  of  the  subclavian  artery  and  opens  into  the  left  angulus  vcnosus  (see  page  83)  or 
(rarely)  into  cither  of  the  veins  forming  the  ang^e* 

The  roots  of  the  thoracic  duct  arc: 

I.  The  r^ht  and  left  lumbar  trunks  (Figs.  602  and  60$)  are  two  jdexiform  stems  which  have 
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— The  lympli  nrxle-^  of  tlie  rigUt  side  of  the  bead  and  neck  ol  a  child. 
Portions  of  tb-  su  rnoi ii  'i^nListoii!.  us,  omoh\-oidcus,  pecioraUs  major,  Wkd  pcclwtilia  nlBar  baw  beeo  iwnorcd 
in  order  to  show  the  deeper  glands.    The  platysnia  has  licen  removed. 

Fig.  604. — The  superficial  lymphatic  vessels  and  l^mph  nodes  of  the  am,  thotadc  wall,  and  axilla. 
The  lymphatic  tcsmIs  liaiv  been  injecled  with  India  inlc. 


their  origins  in  the  lumbar  plexuses  (see  bdow),  and  conduct  the  lymph  from  the  lower  extremities 
and  pelvis. 

2.  The  itUestind  trunk  1  Figs.  602  and  (jo5),  an  unpaired  stem  draining  the  mesenteric  lymi^lk 

nodes  and  thrnuj^h  tlicni  ihc  ;i!.)<l()niin:il  \  isrcra  and  t-v])c(  ially  thr  inti>tinc. 

As  it  ascends  in  front  of  the  spinal  column  the  thoracic  duct  receives  the  lymphatic  vessels 
of  the  thoracic  walls  which  accompany  the  intercostal  blood-vessels,  and  in  the  neck,  the  lymphatic 
steins  from  the  left  upper  extremity  wd  from  the  left  side  of  the  head  and  neck  enter  the  terminal 
portion  of  the  dtlct,  either  through  a  single  sliort  stem,  the  lejl  lymphatk  trunk,  or  (more 
freque  ntly)  llu-  two  or>cn  i^oprirafcly  as  tlu-  /<  //  jm^iilar  and  the  left  suhclavian  trunks  iri'.o  llu-  fcr- 
minal  portion  of  the  duct,  or  the  left  jugular  trunk  may  open  into  the  li  rminal  ])ortion  01  the 
internal  jugular  vein.  In  addition,  the  lymph  from  the  left  thoracic  viscera  and  wall  empties 
into  the  thoracic  duct  through  the  fe/l  hroiiehemediastmal  trunk. 

n.  THE  RIGHT  LYMPHATIC  DUCT. 

The  lymfih  which  i<  not  conveyed  by  the  thoracic  duct,  that  is  to  say,  that  from  the  n'ght 
half  of  the  upper  jxirt  of  the  body,  empties  into  the  right  angulus  venosus  or  the  right  innom- 
inate vein  thriMigh  a  stem,  flie  right  lymphatk  duct  (Fig.  602),  which  is  shorty  usually  only 
about  I  cm.  in  loigth.  Its  roots  are: 

1.  The  right  jugtdiir  trunk,  which  ooming  from  the  deep  cervical  lymphatic  nodes  drains 
the  right  side  of  the  lu  ad  and  nerk. 

2.  The  right  subdaiwn  triaik,  which  arises  from  the  axillary  lymph  nodes  and  carries  the 
lymph  <rf  the  right  upper  extremity. 

3.  The  right  bnmchomediastuial  trunk,  formed  f n»n  the  efferent  vessels  of  the  branchial  and 
mediastinal  nodes,  collects  the  lymph  of  the  right  thoiadc  wall,  the  right  lung,  the  heart,  the 
oesophagus,  and  a  portion  of  the  liver. 

The  Lymphatic  Nodes  and  lymphatic  plexusbsl 

1.  LYMPHATIC  NODES  AND  PLEXUSES  OF  NECK  AND  HEAD. 

1.  Thr  pfy^terior  auricitiar  tiodes  (Fig.  603)  are  two  or  three  in  number  and  are  generally 
very  small,  1\  iiig  upon  the  tendon  ol  insertion  of  the  stemodcidom^oid  behind  the  ear.  They 
<lrain  the  posterior  auricular  region. 

2.  The  occipital  nodes  (Fig.  60,3),  not  constant,  arc  one  or  two  in  number  lying  Upon  the 
inversion  of  tho  tnpc  /ius.  They  drain  the  occipital  region  and  send  their  efferent  vessels  to  the 
superhcial  cer\ical  no<le.;. 

3.  The  anterior  auricular  nodes  (Fig.  603)  arc  also  small,  but  more  ntunerous  (three  or  fotir). 
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Their  location  is  superficial,  anterior  to  the  car,  npon  the  parotid  gland,  and  they  drain  the 
temporal  region,  their  effercnia  passing  cither  to  the  supcrticial  cervical  or  the  subniaxilUtry  nodes. 

4.  The  ponHd  nodi^s^  (Fig.  603)  are  Imbedded  in  the  substanoe  of  the  parotid  gland  and 
receive  lymph  from  the  f^axkA  and  also  f lom  the  eyelids  and  the  external  ear>  rPhetr  effnents 
pass  to  the  superficial  cer\  ical  or  sufK-rior  deep  cerv  ical  norles. 

5.  The  drrp  fafhil  nodes  are  sititatcd  u\)on  the  buccinator  muscle  and  on  the  lateral  wall  of 
the  pharjTix.  They  drain  the  deep  lymph  vessels  of  the  face  (orbit,  nasal  cavity,  palate,  etc.) 
and  oome  hito  rdation  with  the  superior  deep  ceivical  nodes,  there  being  no  disthict  liiie  of  sep- 
aration between  the  two  groups. 

6.  The  submaxillary  nodes  (Fit:.  603)  are  eight  or  more  in  number  and  are  rather  large; 
they  lie  in  the  triangle  bctwirn  the  l)o<ly  of  the  mandible  and  the  digastric  muscle,  some,  known 
as  the  submental  nodes,  resting  upon  the  under  .surface  of  the  mylohyoid  muscle.  They  drain 
the  anteiin'  part  <tf  the  fooe  and  diki  and  empty  into  the  superficial  and  deep  cervical  nodes. 

7.  The  lingual  nodes  are  very  few  hi  number  (frequendy  only  one)  and  are  inconstant 
When  present  they  are  situated  upon  the  hyoglossus  muscle  and  drain  only  a  portion  of  the 
tongue,  the  majority  of  the  lymphatics  of  this  oigan  passing  directly  to  the  submental,  sub- 
maxillary, and  superior  deep  cervical  nodes. 

8.  The  super^cud  cervied  nodes  (Fig.  603)  are  found  along  the  side  of  the  neck,  occurring 
partly  under  cover  of  the  platysma  upon  the  lateral  surface  of  the  sternocleidomastoid  muscle, 
along  the  posterior  border  of  that  musde,  at  the  inferior  Iwrder  of  the  parotid  gland,  and  partly 
also  in  the  anterior  nerk  region.  They  recervr  lymphatics  directly  from  the  neighboring  regions, 
but  for  the  most  part  their  tributaries  arc  efferent  vessels  from  the  occipital,  posterior  auricular, 
parotid,  anterwr  auricular,  and  sulnuaxillaiy  nodes.  Their  efferent  vcsscb  terminate  in  the 
deep  cervical  nodes. 

9.  The  superior  deep  renical  nodes  (Fig.  603)  arc  ten  to  fifteen  rather  large  nodes  situated 
in  the  carotid  fo<^sa  along  the  internal  jtigular  vein  and  at  the  bifurration  of  the  common  rarotitl. 
Thejr  collect  lymph  from  the  cranium  and  receive  the  efferent  vessels  of  the  deep  facial,  parotid, 
and  sulnna^Iaiy 'nodes  and  also  Ijinphatics  from  the  pharynx,  the  tympanic  cavity,  the  tuba 
auditiva  (Eustadiian  tube),  the  mner  ear,  a  part  of  the  thyreoid  ^and,  and  the  Uirynx.  Their 
efferent  vessels  pass  to  the  inferior  deep  cervical  nwles. 

TO.  The  iitjtritir  dn-p  rrr-'in:!  nodes  (Fig.  603)  occur  rdnn  the  lower  part  of  the  internal  iuf^ular 
vein  and  in  the  supraclavicular  fossa.  They  also  arc  of  considerable  size,  and  since  they  receive 
the  efferents  of  the  superior  nodes  and  also  independent  lymphatics  from  the  lower  portion  of  the 
larynx,  trachea,  and  oesophagus,  they  practically  receive  the  entire  drainage  of  the  head  and  neck. 
Together  with  the  superficial  and  superior  deep  cenical  nodes  they  form  the  jugular  plexus, 
consisting  of  lymphatics  (afferent  and  efferent  vessels)  and  numerous  interix)sed  lymphatic  nodes, 
which  extends  along  the  internal  jugular  vein  and  terminates  below  in  the  jugular  tnmk. 

n.  LYMPHATIC  NODBS  AND  PLEXUSB  OF  THE  UFFBR  EICTRBMrrY. 

The  most  peripheral  nodes  of  the  upper  extremity  are  those  of  the  ellx)\v  jo&kt. 

1.  The  suprrfirin!  cubila!  nodes  are  (one  to  two)  ^niall  nfwlrs  situated  along  the  basilic  vein 
in  the  region  of  the  cubital  fossa.   They  receive  some  of  the  numerous  superficial  lymphatics 
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of  ihe  forearm,  and  iheir  efferent  vessels  i)ass  upward  in  tlic  upper  arm  to  the  axillary 
nodes. 

9.  The  deep  cubitd  nodes  are  located  deeply  in  the  cubital  fossa  along  the  biachial  artery 

and  vein  and  receive  deep  lymphatics  of  thr  forearm. 

3-  The  axillary  nodes  (I-'isj-i.  603  and  604)  arc  numcn)ii>.  mif lium-siTKf)  ncAvs  situaltx],  some 
rather  superiiciaUy  and  otitcrs  more  deeply,  in  the  fatty  tiasuc  of  the  axiliar}-  fossa  along  the 
axillary  vein  and  artery.  They  receive  practically  all  the  lymph  of  the  upper  eictreniity  and  also 
that  <A  the  scapular  n^on,  the  nape  of  the  neck,  the  anterior  thoracic  wall  and  mammary  gland, 
and  part  of  the  anterior  and  lateral  alxlominal  walls,  thus  forming  a  center  for  lymph  vessels  from 
an  exten'^ivo  tcrnfon-.  Most  of  the  lymphatics  of  the  regions  mentioned  open  directly  n<  afferent 
vessels  into  the  axillary  nodes,  only  some  of  them  passing  through  the  cubital  nodes  or  the  smaller 
nodes  mentioned  below.  The  superficial  and  deep  nodes  are  intimately  connected  and  thus 
form  the  axillary  plexust  coosistihg  of  a  loose  network  of  lymphatics  and  nodes,  which  on  the  left 
side  is  connected  with  the  thomcic  duct  through  the  subclavian  trunk  and  on  the  right  side  with 
the  right  lymphatic  duct. 

In  additioiv  withta  the  limttt  of  ibe  upper  mremity  and  thoracic  iriiU%  the  foUowing  t«o  incoiuttant  acts  ot  gluula 

o  rur: 

4.  The  siibsCiipuUsr  Hixifs,  <iiluatr<l  along  thr  artiTv  of  the  same  name,  are  tonnei  lc<l  with  the  dcvp  axiltltTy  nodcS. 

5.  The  (vdirTiil  iioJn,  one  to  two  snialj  ihmIc*  u|.Hm  the  ivxtfrnal  surfui  e  of  the  (HHloralis  major. 

[.\lthough  the  axillary  norle<  r.rr-  projwrly  rci^nrdf  d  a>  formirii:  :i  single  group,  yet  for  con- 
venience they  may  be  divideti  inio  a  scries  of  subonlmate  groups  according  to  their  2X)silion  and 
connections.  These  subgroups  are :  ( 1 )  The  hrachid  nodes,  a  series  of  large  nodes  sittiated  along 
the  course  of  the  axillary  vein  and  receiving  the  majority  of  the  vessels  from  the  arm;  (3)  the 
anlerior  prdoral  nodes,  two  or  three  usually  small  nodes  over  the  second  and  third  intercostal 
s|)af~e';  lieneath  the  Io\<,  rr  Ixinlor  of  the  yiertoralis  major.  They  roreive  alTcrenfs  from  the  anterior 
surface  of  the  thorax  and  from  the  mammary  gland;  (3)  the  injcrior  pcdoral  nodes,  two  or  three 
small  nodes  situated  posterior  to  the  long  thoracic  vessels  and  receiving  afferents  from  the  lateral 
wall  of  the  thorax;  (4)  the  subscapidar  nodes,  situated  akmg  the  subscapular  vessels  and  draining 
the  X  :i[  ular  region;  (  5)  the  intermediate  nodes,  imbecldcd  in  the  adij^se  tissue  of  the  axillarj'  fossa 
and  rf  I  ( i',  iriL;  alTcrcrtt^  from  nl!  !he  subgroups  already  mentioned;  and  (6)  the  suMavi'iilur  mdrs, 
consisting  of  six  to  iwdvc  iKxica  situated  at  the  apex  of  the  axillary  fossa.  They  receive  atferents 
from  all  the  remaining  sui3grouf)s  and  their  efferents  unite  to  form  the  subclavian  tnmk. — Ed.] 

nL  THE  LYMPHATIC  NODES  AND  PLEXUSES  OF  THE  THORAX. 

The  thoracic  nodes  may  be  divided  into  those  of  the  thoracic  viscera  and  those  of  the  thoracic 

wall.    The  first  arc: 

1.  i  he  bronchial  nodes  (.Figs.  447,  44S,  455,  and  459)  arc  divided  into  the  pulmonary  nodes, 
which  are  the  smaller  ones  lying  within  the  lung  tissue;  the  bronchial  nodrs  proper,  which  are 
twenty  to  thirty  larger  ones  lying  at  the  hilus  of  the  lung,  along  the  bronchi  and  at  the  bifurcation 

of  the  trachea;  ancl  ihe  very  small  tracheal  nodes,  situated  along  the  trachea.  These  nodes  are 
often  black  in  color  in  ih''  :i'!iilt  on  account  of  the  coal  riii<t  and  other  inijnirities  of  the  atmosphere 
inspired  during  life  bemg  conducted  from  the  alveoii  ni  the  lung  to  these  nodes  by  the  action  of 
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leukocytes.  The  several  groups  of  branclual  nodes  receive  the  uumeious  lymphatics  lying  on 

the  surface  of  the  lung  beneath  the  pleiiza,  as  well  as  deeper  vessels,  which  accompany  the  branches 
of  the  bixjnchi.    In  add  it  ion,  the  upj>er  node?  of  the  group  receive  lymph  from  the  lower  part  of 
the  trachea  and  the  lower  ones  receive  it  from  the  heart.   The  efferent  vessels  form  the  prin- 
cipal root  of  the  bronchomediastinal  trunk. 
The  following  groups  drain  the  thoracic  wall: 

2.  The  intercostal  nodes  arc  very  small  nodes  situated  near  the  heads  of  ihc  rifw.  They 
drain  the  interro<tal  spares  and  their  efferent:  pencrally  pa-?  directly  to  the  thoracic  <iuct«  those 
of  the  right  side  also  passing  to  the  right  bronchomediastinal  trunk. 

3.  The  sternal  nodes  are  \cvy  small  and  are  situated  along  the  course  of  the  internal  mammary 
vessds,  forming  the  mammary  plexus  and  draining  the  anterior  portions  of  the  intercostal  spaces 
and  also  jwirtly  the  nuunmaiy  ^and  and  diaphragm.  The  efferents  unite  with  those  from  the 
lEoUowing  nodc«. 

4.  The  antcrwr  mediastinal  nodes  are  medium-sized  nodes  directly  connected  with  the  pre- 
c^ling,  behind  which  ihey  arc  situated.  They  arc  found  in  the  superior  and  sometimes  also  in 
the  Infdrior  portion  of  the  anterior  mediastinal  cavity  and  receive  lymphatics  from  the  diaphragm, 

the  liver,  most  of  the  vessels  from  the  heart,  and  those  from  the  j)ericardium  and  thymus  gland. 
Their  effcrcnts  unite  with  those  from  tlu-  bronchial  nodis  to  form  the  bronchomediastinal  trunk. 

5.  The  posirrior  ntfdiasiiiuil  iwdcs  arc  a  few  small  nodes  lying  along  the  thoracic  aorta  and 
receiving  lymphatics  from  the  neighljoring  tissues. 

IV.  THE  LYMFHATIC  NODES  AND  PLEXUSES  OF  THE  ABDOMEN. 

The  abdomen  contains  a  larger  nvmiUr  of  lymphatic  nodes  than  any  other  region  of  the 
body,  the  mesentery'  of  the  small  intestine  being  especially  rich  in  them.  The  following  groups 
may  be  distinguished : 

I.  The  meseaterie  nodes  (Fig.  606)  form  the  largest  group  in  the  body.  They  number  over 
one  hundred  and  are  arranged  in  the  mesentcr}-  in  several  rows,  the  smallest  and  most  scattered 

nodts  lylnfi;  nearest  the  inte-tine.  As  the  root  of  the  mesenter}-  is  npjjrnarhed  the  norles  become 
larger  and  more  numerous  and  the  eliain  is  completed  at  the  root  of  the  misentery  by  some  verv 
large  and  closely  set  nocii-s.  i  he  allercnls  of  these  nodes  have  ihtir  origin  in  the  intestinal  wall 
and  are  called  chyle  vessels,  since  they  contain  during  digesti(»y  food  substances  absorbed  from 
the  intestinal  wall,  the  lymph  thereby  ac(|uiring  a  milky-white  color  and  bang  known  as  chyle. 
As  a  rule  the  lymphatics  coming  from  the  intestinal  wall  enter  the  first  row  of  no<I(.s  as  aih  rent 
vessel?,  the  efferents  of  these  nodes  sen*e  as  afferent=;  for  the  next  row,  and  so  on,  until  linaiiy  the 
last  efferent  vessels  form  the  intestinal  trunk,  which  is  generally  composed  of  several  ])arallcl  stems. 

9.  The  mesocoUe  nodes  are  smaUer  and  less  numerous  than  the  mesenteric  and  are,  aa  a  nde, 
arranged  in  a  sin^  row.  They  receive  the  lymphatics  of  the  large  intestine  and  oonduct  the 
lymph  to  the  intestinal  trunk. 

3.  The  rcrliar  m»!es  are  fifteen  to  twenty  in  numUr  and  lie  behind  the  stomach,  jtancrcas, 
and  duodenum  in  close  proximity  to  the  largest  mesenteric  nodes,  with  which  they  commimicate 
Steely.  They  receive  the  lym{diatics  from  the  organs  of  the  upper  part  of  the  abdomen,  that  is 
to  say,  fam  the  liver,  stomach,  duodenum,  and  pancreas  (head),  and,  uniting  with  the  superior 
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Fig.  6os- — ^The  lymphatic  plexuses  of  the  true  and  false  pelves  and  their  connectioii  with  the  fymphstie 
vesseJs  of  the  lover  extfemities  and  of  the  viscera. 

The  lymphitic  vcMcb  hive  bam  injecled  iridi  India  ink. 
Fig.  606. — The  lymphatic  vesads  and  lymph  nodes  of  the  mesenteiy. 

Injectioa  with  India  ink. 

Fig.  607. — ^The  lymphatic  vessels  and  lymph  nodes  of  the  th^i,  the  inguinal  region,  and  the  external 

genitalia.  ■ 
Injectioa  with  India  ink. 


mesenteric  nodes,  they  form  the  adiac  fkxus.  Its  efierents  unite  with  those  of  the  mcsentoic 
nodes  to  form  the  intestinal  trunk,  but  also  ptss  partly  to  the  lumbar  trunk  by  way  of  the  ndg^- 

boring  lumbar  nodes. 

4.  The  hrpaii<  nodes  1 1  ig.  390)  are  small  and  arc  situated  in  the  portal  fissure  and  in  the 
hepatoduodenal  ligament. 

5.  The  superior  gastric  nodes  are  small  and  lie  along  the  lesser  curvature  of  the  stomach; 
the  inlerufr  gastric  nodes  are  also  small  and  occur  along  the  greater  curvature,  draining  the  stomadi 

and  duodenum. 

6.  The  panrrcaticosplriiif  nodes  are  situated  in  iVip  hihi^  of  the  spleen;  they  drain  the  spleen, 
the  fundus  o£  the  stomach,  and  the  cauda  and  body  of  the  pancreas. 

V.  THE  LYMPHATIC  NODES  AND  FUDCUSBS  OF  THB  FBLVB  AND  LOWER  EXTREMITY. 

.All  lymphatics  of  the  pelvis  and  the  lower  extremity  communicate  on  cither  side  with  the 
lumbar  trimk  and  through  this  reach  xhv  ihonirir  diK  t.  The  lumbar  trunk  starts  in  a  plexus  of 
nodes,  which  cvtends  along  the  conunon  iliac  arterj'  and  is  called  the  lumbar  plexus;  from  here 
it  passes  upward  along  the  lower  portiiMi  of  the  aoirta  as  the  aartie  plexus  and  so  reaches  the 
dstrana  cbyU.  The  lumbar  plexus  arises  from  the  union  of  the  hypogastric  plexus,  coming  from 
the  triK-  ])iMs,  and  the  external  iliac  plexus,  which  tlrains  the  lower  extremity. 

The  Lymphatic  Nodes  of  the  True  Pelvis.    The  nmlcs  of  [hv  inw  pcl\is  arc: 

1.  The  hypogastric  nodes  (Fig.  605),  which  arc  about  ten  medium-sized  glands  situated  on 
cither  side  on  the  wall  of  the  true  pelvis  along  the  hypogastric  vessels,  forming  the  hypogastric 
plexus.  They  receive  some  deep  lymphatks  from  the  thigh,  which  accompany  the  obturator 
vessels,  and  others  from  the  luteal  region  which  reach  the  pelvis  in  company  with  the  gluteal 
vessel'-  and  in  \vho>je  roiirsc  orrri^-innrtlly  small  nodes  are  foimd.  In  addition  tlu  y  ri  (  rive  lymph- 
atics at  conijiunying  the  pudendal  vessels  from  the  perineum  and  the  }x>stcrior  }X)rtion  of  the 
external  genitals,  and  also  the  lymphatics  of  the  pel\ic  viscera  (bladder,  prostate,  seminal  vesicles, 
vagina,  uterus).  Their  efferent  vessels  pass  through  the  hypogastric  plexus  to  the  nodes  of  the 
lumbar  plexus. 

2.  The  sarrai  nodes  arc  situated  fjartly  behind  the  rectum  ''-mall,  anorectal  neKles)  and  partly 
anterior  and  inferior  to  the  promontory  of  the  sacrum  in  the  mescireclum,  these  latter  forming 
the  continuation  of  the  mesocolic  nodes.  They  collect  lymph  mainly  from  tlic  rectum  and  imitc 
with  one  another  and  with  the  neighboring  mesocolic  and  hypogastric  nodes  to  form  the  mMdle 
saoal  plexus.  Their  efferents  pass  to  the  lumbar  nodes. 
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Tbe  Lympliatic  Nodes  of  the  Lower  Extremity.— The  majMity  of  the  lymphatics  of  the 
lower  extremity,  the  numerous  superficial  ones  in  particular,  pass  up  the  medial  and  anterior 
■iurfarcs  of  the  thigh  in  almost  parallel  fourse;;,  havini^  l)ut  frw  ana>tomof«»s,  to  the  subinguinal 
region,  where  most  of  them  pass  tiirough  lymph  nodes  tor  the  llrst  time.  Below  this  region  only 
inconstant  nodes  occur,  such  as,  somewhat  frequently,  the  popliteal  nodes  in  the  popliteal  space, 
and  nKve  mdy  the  small  ameriar  HUd  node,  resting  upim  the  upper  portion  the  anterior  tibial 
•rtcr)'. 

The  nodes  of  tlu-  inguinal  n-gion  rcciivc  atTcrents  from  the  abdomioal  wall,  the  external 
genitals,  and  the  leg.    Thcv  arc  divided  into  ihc  following  groups: 

1.  The  ingnhud  nodes  (Fig.  607),  numbering  three  to  five,  lie  ahmg  the  inguinal  (Poupart's) 
ligament,  the  long  axis  of  the  group  being  parallel  to  the  ligament  and  generally  a  little  above  it. 
They  are  situated  (itiite  suix-rflcially  ,  immc-diatcly  beneath  the  skin,  and  the  lateral  nodes  of  the 
group  are  smaller  than  the  more  median  ones. 

2.  The  superficial  subinguinal  nodes  (Fig.  607),  numbering  seven  to  twelve,  are  situated 
superficially,  immediately  beneath  the  skin,  panllel  to  the  long  axis  of  the  di^h  in  tbe  region  of 
the  fossa  ovalts  and  along  the  termination  of  the  long  saphenous  vein.  An  cspedally  hu^  node, 
in  fact,  the  largest  one  in  the  botly,  lies  near  the  fossa  ovaUs,  frr(|uently  immediately  in  front  of  it. 

The  deep  suhingiiifjal  nodes  (Fif^.  605)  are  the  direct  continuation  of  the  ])rcc«linf:;.  They 
are  fewer  (three  to  luc  in  number)  and  smaller  than  the  superficial  nodes  and  arc  situated  beneath 
the  fascia  Uta,  along  the  femoral  artery  and  vein,  deep  in  the  ileopectincal  fossa.  One  of  the 
nodes  of  this  group  occupies  the  entnuice  to  the  femoral  canal  and  is  known  as  the  node  of  JRofen- 
Miilltr. 

These  three  f::roups  of  inguinal  nodes  form  an  almost  unbroken  chain,  the  two  f^oup*;  of 
subinguinal  nodes  constituting  tbe  inguinal  piexus.  The}-  reeei\  c  in  a  somewhat  variable  manner 
the  superficial  and  deep  lymphatics  of  the  lower  extremity,  the  superficial  lymphatics  of  the  luteal 
r^ion,  the  abdomhttl  walk,  the  penis  (clitoris),  and  the  lateral  and  antoior  surfoces  of  the 
scrotum  (labia  major  and  mons  pubis).    Their  efTercnts  pass  to  the  iliac  nodes. 

The  Lymphatic  Nodes  and  Plexuses  of  the  False  PeWis.— i.  The  iliac  nodes  (Fig.  605) 
are  fairly  large,  numbering  five  to  six,  and  lie  along  the  external  iliac  vessels.  They  arc  united 
by  short  ajBFercnts  and  effeients  to  fonn  the  extemd  iHacflexiisaxsd  they  receive  mainly  the  efferents 
ot  the  deep  inguinal  nodes,  and  in  part  also  vessds  coming  directly  from  the  neighboring  tissues. 
Their  efferents  pass  to  the  lumbar  nodes. 

2.  The  Ittmhar  nodes  (Fig.  60-)  are  alx>ut  twenty  rather  lar^e  nodes,  which  arc  connected  to 
form  the  lumbar  plexus  and  are  situated  along  the  common  iliac  vessels  and  in  the  neighborhood 
of  the  bifuzcation  and  lower  portion  of  tbe  aorta.  They  receive  the  cffecoftts  of  the  ihac,  hj-po- 
gastrk,  and  sacral  nodes;  the  lymphatics  from  the  stgmmd  cokm;  those  from  the  spermatic  cmd, 
tl^uch  convey  the  lymph  from  the  testes  and  the  epididymis;  in  the  female,  the  lymphatics  from 
the  ovaries,  Fallopian  \u\h-,  and  those  from  ihr  uterus  which  course  alnnj:  the  ovarian  vessels; 
and,  tmally,  those  from  the  kidney  and  suprarcnals  as  well  as  from  the  lumbar  region.  Their 
large  cfifoents  tmite  to  form  the  lumbtar  trunk  on  dttier  side.  Hie  superficial  and  deep  subinguinal, 
iliac,  and  lumbar  nodes  fonn  an  alowst  unbroken  chain,  throi^h  whidi  lymph  from  Ae  lower 
ektnmty  must  pass  before  emptying  into  the  thoracic  duct. 
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Tu£  study  of  (he  aef\'Ous  &yi>tein  involves  its  anatomy,  and  because  ol  its  anatomical  struc- 
ture, as  well  as  ia  regaxd  to  its  function,  it  is  divtnble  into  two  distinctly  different  portions : 
The  ceiUral  nervous  system  and  the  peripheral  nen'ous  system. 

The  centra)  nervnu^  sy-tcm  is  really  the  central  organ  or  central  stailon,  whllv  the  j)criph- 
eral  system  is  merely  a  number  oi  conducting  tracts  representing  the  comlucling  wires  con- 
nected with  the  station.  It  contains,  of  course,  paths  which  arc  the  direct  or  indirect  continuations 
ci  conduction  paths  of  the  peripdieral  nerves,  but  its  essential  feature  is  that  it  contains  the  real 
ncr\'c  centers.  It  consists  of  two  not  very  distinctly  separate  parts,  the  brain  or  eMCphdion, 
lyintj  in  ihc  skull,  and  the  spnuil  ord,  occupying;  the  vertebral  can.'il.  These  two  parts  con<ititute 
the  neural  canal,  and  arise  in  common  from  the  embryonic  metlullary  folds,  and  thr(niL;h()Ut 
life  form  a  long,  lliick-walled  tube,  very  comiJicated  in  structure  and  general  form.  The  cavity 
of  this  tube  is  narrow  throughout  the  spinal-cord  region  and  is  known  as  the  ceith^ii  conui  (see  page 
Ii8),  while  in  certain  regions  of  the  brain  it  is  quite  lat]^  and  of  very  variable  shape,  and  forms 
the  so-called  rdttrides  and  the  (-'■-•'■'•r^d  aqucdurf. 

The  central  nervous  system  cunsists  of  two  macrosco|)ically  fiilTercntly  colored  substances. 
One  is  almost  a  pure  while  and  is  known  as  the  wliUc  substance,  the  other,  in  the  fresh  condition, 
has  a  grayish-red  appearance,  and  &  termed  gray  subOance.  The  difference  in  cdor  depends 
partly  upon  the  much  richer  Uood-supply  received  by  the  gray  substance,  but  mainly  u|X)n  the 
distribution  of  the  diiT(  rent  nervous  tissue-elements  (for  details  see  the  Sobotta-Huber  Histology^ 
Lehmann's  Mnlind  Hand- A  liases,  Vol.  XWT  ^. 

The  while  substance  consists  mainly  of  nerve  libers  together  with  a  certain  amount  of  neu- 
roma tissue,  while  the  gray  matter  consists  principally  of  ganglion  cells  and  abundant  neuroglia, 
with  here  and  there  a  few  ni  r\  e  libers.  The  white  encloses  the  gray  substance  superficially 
throughout  the  entire  spinal  eord  and  hrain  stem,  that  is  to  ^riy,  the  continuation  of  the  cord  in 
the  brain.*  h\  the  main  divisions  nf  the  brain,  the  cerebrum  and  ccrchcllum,  however,  gray 
substance  occurs  over  the  greater  ])art  of  the  surface,  coscring  the  white  substance,  the  iatler  only 
exceptionally  reaching  the  external  surface  of  the  brain  m  these  regions.  The  gray  substance 
appears  partly  as  a  diffuse  layer  or  mass,  as  in  the  gray  cortex  of  the  oefebral  henusfdieres  and 
cerebellum  and  in  the  columns  of  the  cord,  and  partly  in  the  form  of  sl  parate  ganglia  or  nuelei, 
which,  in  the  region  of  the  cerebral  ])«!unrle>,  lor  e.xampic,  form  tin-  more  or  \v<%  circum>erili<Tl 
nuclei  oj  the  cerebral  nerves.  The  white  and  gray  substances  are  not  always  clearly  .separated, 
but  in  some  regions,  as  in  the  spinal  cord  and  the  medulla  oblongata,  they  intemiingle  by  means 

*  In  certain  regiom  cf  the  bf^*ilein  the  gr.iy  tabiteace  docs  mch  Ae  wrbce  dorsaUy,  but  thb  ii  lealljr  onljr  an 
apparrnt  c.xrrpiinn  to  the  •iKtement  Made  ubiMnr.  since  tbc  gr^y  aubMimce  itctoiilljr  fprm»  the  boundary  waUs  of  the  Ten- 

tricies  ihnmgbout. 
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of  numefously  branched  prolongations,  fonumg  what  h  tenned  a  reticular  jornuUiim,  Certain 

portions  of  ihe  graj',  ha\  in<;  u  niilur  ghissy  appearance  on  account  of  tlitir  containint;  exceptional 
amounts  of  neuroglia,  are  known  as  the  gelatinous  substance,  and  the  epnidyma,  which  lines  the 
cavities  of  the  central  nervous  system,  is  also  a  special  form  of  ncurc^Ua.*  Certain  portions  of 
the  embryonic  mediiUaiy  tube  x«taiii  even  In  the  adult  thdr  original  stnictwe,  that  is  to  say, 
they  do  not  develop  into  nerve  ti95ue»  but  present  an  extremely  thin,  microscopically  delicate 
rtxif  for  thf  vcntn'rlc,  kno\\'n  as  an  ef^ithelial  lamina.  Usually  iht  sc  lamin.e  arc  the  scat  of  for- 
mation of  chorioiddl  plrxusrs  (sec  below),  and  thcy  pass  over  into  the  ncn'c  tissue  by  a  serrated 
or  irregular  edge,  termed  a  kenia. 

The  ptriphtral  narrona  ^tam  consfets  of  tvro  parts:  The  peripheral  naves  and  small 
ganglia  distributed  throii^iout  the  system.  The  nerves  also  are  classified  as  trunks  coming 
directly  from  the  central  organ,  of  whose  conduction  paths  thcy  are  either  direct  or  indirect  con- 
tinuations, and  tlic  ncn.-es  of  the  sympathetic  syslnn.  The  nerves  emanating  from  the  central 
organ  il>clf  arc  divided  according  to  their  place  of  origin  into  cerebral  and  spinal  nerves. 

The  sympathetic  system,  which  for  the  most  part  furnishes  the  nerves  of  die  viscera  and 
blood-vessels,  has  a  separate  functfoQ  and  importance;  it  u  connected  to  the  central  nervous 
system  onlv  indirectly  by  rami  communicanUs.  In  contrast  to  the  cerebrospinal  system,  the 

functions  controlk-d  by  it  arc  involuntapi-. 

In  ihc  jieripheral  nerves,  the  cerebrospinal  as  well  as  the  symjialhetic,  conduction  may  lake 
place  in  both  directioiia,  centrifugal  as  well  as  centripetal.  The  centrtfugal  nerves  are  motor 
nerveSy  the  centripetal,  which  include  those  conveying  impressions  from  the  nerve  endings  In  the 

higher  sense  organs,  sensor}'.  The  great  majority  of  the  nerA'c  trunks  of  the  human  body  contain 
fibers  or  bundles  which  comluct  in  both  directions;  they  are  mixetl  nervc>,  containing  both  sen- 
sory and  motor  fibers.  Only  in  the  anterior  and  posterior  roots  of  the  spinal  nerves  and  in  certain 
of  the  cerebral  nerves  are  the  two  varieties  definitely  separated. 

The  nerve  terminations  also  differ  acccnding  to  the  mode  of  conduction  (oentrtfu^  or  oen> 
trIfM  tal').  Motor  nerv  es  which  end  in  mitscles  convey  impulses  for  a  contraction  from  the  cen- 
tral organ  to  the  musdc  fiber,  while  sensory  nerve  endings  receive  the  impulse  and  carry  it  to  the 
central  organ. 

The  peripheral  nerves  at  thehr  origin  from  the  central  organ  appear  as  thick  strong  trunks, 
which  often  form  plexuses  by  communicating  with  nei^iboring  nerves,  and  in  their  further  course 

to  the  end  organs  they  branch  dichotomously  into  smaller  and  smaller  branches.  Xeightjoring 
nen-cs  often  anastomose;  fibrils  of  om-  tu  rvo  may  pass  to  another,  as  in  simple  ;ina>tomoses, 
where  motor  fibers  join  sensory,  or  mutual  anastomoses,  where  there  is  an  exchange  of  libers 
from  both  nerves. 

The  ganglia  are  grayish-red  swellings  in  the  course  of  pert}dieral  fibers,  and  differ  in  struc- 
ture from  peripheral  nerv  es  by  c  ontaining  ganglion  cells.  Their  size  is  very  variable,  many  being 
microscopic,  while  others  attain  a  size  of  from  2  to  3  cm.,  and  their  form  also  is  inconstant. 
If  thcy  are  inserted  in  the  course  of  an  individual  nerve  trimk  they  are  usually  elongated  and 
spindle  shaped,  while  if  Huj  ait  the  centers  td  viuve  plexuses  thcy  are  stdlale. 

In  the  cerefavosphial  nerves  gao^  are  found  only  <m  the  posterior  roots  of  the  (cerebral 

•  For  fwllter  dctaiU  im  the  SobottapHuber  MiMthgy,  I«1itiiuB*t  if arficaf  Hmni-AUamit  Vol  XX\1  . 
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Fig.  608.— The  spinal  t  ou]  exposed  in  the  spinal  canal  by  the  removal  of  the  vertebral  arches  and  of 

the  dura  mister. 

Fic.  609.—A  posterior  view  of  the  spinal  cord  and  of  the  roots  of  the  nems. 

The  ihir.i  m;il(  1  !ias  ":■>  <  n  duidcil  anH  rcPerlrr). 

Fic.  610. — An  anterior  view  o£  tlie  spinal  cord. 

The  anteriar  raou  haw  beea  divided  date  to  tbelr  mi^un  from  tbe  cord. 


and)  spinal  nerves.  The  sympathetic  system,  however,  is  rich  in  ganglia,  being  essentially  a 
network  of  nerve  fibers  and  gnnglia,  the  latter  being  partly  arranged  in  a  row  in  the  mam  trunk 
and  partly  disposed  in  the  brandies,  and  even  in  the  terminal  branches  situated  in  the  substance 
of  the  viscera. 

SPECIAL  NEUROLOGY. 

THE  CENTRAL  NERVOUS  SYSTEM. 
THE  SPINAL  CORD. 

Thk  spinal  cord  (Figs.  608  to  620)  is  the  lower  stem-like  tltvi'^ion  of  the  ncn'ous  system* 
which  is  situated  in  the  vertebral  canal.  It  merges  at  its  upper  extremity  without  any  sharp 
line  of  demarcation  mto  the  medulla  oblongata,  which  is  regarded  as  a  port  ion  of  the  brain. 

It  B  a  cylindrical  ooid  flattened  somewhat  here  and  there,  and  does  not  fill  the  vertebral  canal 
in  either  breadth  or  length.  Its  upper  extremity  cwrespoods  to  the  lower  bortlcr  of  the  foramen 
mawnutn,  the  lower  to  the  )( \  1 1  of  the  first  or  second  lumbar  vertebra,  there  being  no  portion  of 
the  spinal  cord  in  the  lowest  portion  of  the  vertebral  nor  in  the  sacral  canal,  these  portions  of 
the  canal  containing  only  nerve  roots  passing  from  the  cord.  The  thickness  or  diameter  of  the 
cord  varies  consid^bly  at  different  levels,  but  remauis  always  consideFably  less  than  the  trans* 
verse  measun  irunt  of  the  vertebral  canal  of  the  corresponding  vertebra,  so  that  a  cross-section 
of  the  «;pinal  corri  scarcely  occupies  half  the  area  of  the  vertebral  foramen.  Furthermore,  the 
cord  does  not  lie  naked  in  the  vertebral  canal,  but  is  enveloped  by  several  connective-tissue 
membranes. 

The  diameter  of  the  spinal  cord  shows  a  general  dootase  from  above  downward,  the  upper 
extremity  <rf  the  cord  being  by  far  the  thidcest,  and  its  lower  extremity  the  thinnest  jMjrtion. 
This  decrease  in  fliametcr  is  not,  however,  continuous,  but  in  tho^e  rej^ion?  where  the  strong 
nerve  trunks  destined  for  the  extremities  make  their  exit  the  cord  presents  fusiform  swellings, 
and  between  the  two  enlargements  there  k  a  much  narrower  portion. 

There  may  be  distinguished  in  the  spinal  cord  throe  successive  divi»ona  (Fig.  6ie):  the 
upper  part,  lying  in.  the  ccnical  portion  of  the  vertebral  canal,  is  termed  the  cervical  poriioHf 
the  middli  di\  ision,  longer  and  thinner,  lyintr  in  the  region  of  the  itpncr  nine  thoracic  vertebra', 
is  the  thoracic  portion,  and  the  division  situated  in  the  region  ol  the  lower  thoracic  and  the  first 
or  second  lumbar  vertebrae  is  the  lumbar  portion.  The  upper,  more  pronounced  eolargcmcnt, 
lies  at  the  tevd  of  the  lower  corvical  vertebns  and  of  the  first  thoracic  and  is  known  as  the  cer* 
vkal  enlargement.  The  lower,  less  marked  enlargement  lies  in  the  region  of  I  lie  lower  thoracic 
vertebne  and  is  known  as  the  lumbar  enlargement.  The  bwest  portion  ol  the  spinal  cord,  that 
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lying  bdow  the  lumibir  enlargement  at  the  level  of  the  first  lumbar  vertebra,  tapers  ofT  into  a  short 

^harj)  cone,  \hc  conus  medtdlaris,  whitli  is  tlic  thinnest  jxjrtion  of  the  entire  cord,  and  from 
the  apex  of  this,  which  in  adults  corresponds  in  position  to  the  articulation  between  ihc  Ikbt 
and  second  lumbar  vertebne  or  to  the  level  of  the  latter,  there  is  caatinued  Qnwaqrd  a  long,  fmc, 
slightly  flattened  filament  about  i  mm.  in  thidcness,  which  reaches  as  far  as  the  lower  extremi^ 
of  the  neural  canal  and  is  tenned  the  fHvm  temmde.  Although  the  direct  continuation  of  the 
cord,  this  struct nrc  contains  no  ncn'ous;  tissue  or,  at  most,  only  remains  of  it  in  its  upper  portion. 

The  shape  of  the  cortl  at  its  dilTcrenl  levels  is  such  that  in  the  region  of  the  thorax  a  cross- 
section  is  almost  round  (Fig.  618)  and  relatively  small.  A  section  through  the  ccr\'ical  portion, 
however,  is  considerably  larger  and  especiaUy  at  the  cervical  enlargement  (^g.  617)  has  an 
irrcf;\ilar  transversely  elliptic  sh;ipc;  the  cord  being  flattened  anteroposteriorly  in  this  region. 
This  flattening  also  occurs  in  the  lumbar  ]>ortion  *  althoiif^h  here  it  i-  not  quite  so  marked  as 
in  the  cervical  enlargement,  ev(  n  w  fiilc  iicing  considerably  more  marked  than  in  the  thoracic 
region,  and  especially  the  lower  part  of  this. 

Along  the  median  line  of  the  anterior  surfoce  of  the  cord  runs  a  small  but  deep  anierior 
median  fissure  (Figs.  610  and  614),  and  opposite  this  h  a  shallow  furrow,  the  posterior  median 
sulcus  from  whith  a  ronnrrtivc-tissue  partition  of  jiia  mater  extends  into  the  substann'  of  llie 
cord  ;  Fig.  f>iSi,  and  in  ronjunction  with  the  anicrior  median  I'l-sure  div  ides  the  spinal  cord  into 
iwo  e-xacil y  symnieirical,  almost  semicylindrical  halves.  Furiiicrmore,  paired  lateral  sulci  may  be 
detected  on  each  side,  and  oorrespooi^  to  the  lines  of  exit  of  the  nerve  roots  from  the  coid,  the 
exit  of  these  being,  in  fact,  the  cause  of  the  sulci.  An  anterior  and  a  posterior  lateral  sulcus 
occurs  on  rither  side;  the  former  runs  almost  parallel  Ui  'lie  anterior  median  fissure  and  onlv 
a  short  distance  irom  it,  lyint^  ^^omewhat  closer  to  it  in  the  lower  than  in  the  middle  or  up;>cr 
pari  of  its  course;  the  posterior  lateral  sulcus  runs  parallel  to  the  posterior  mediaii  sulcus,  but  is 
further  away  from  it  than  the  antericv  lateral  sulcus  ts  from  the  median  fissure,  and,  as  a  rule,  it 
is  more  pronoutu cd  1  han  the  anterior  sulcus.  In  the  cer\'ical  region  between  the  posterior  median 
and  jxiiterior  lateral  ~-uki  tliere  is  a  posterior  intermediate  sulcus,  which  vanishes  a  little  below 
the  mi<idl'-  of  the  cord  ;  it  lie>  rather  nearer  the  posterior  median  than  the  posterior  lateral  stilrus.t 
The  rtmainmg  sulci  do  not  become  obliteraleii  unlil  ihcy  reach  the  metlullar)'  cone,  the  anterior 
median  fissure  being  the  last  to  disapixar. 

By  the  suiK-rficial  furrows  of  the  cord,  the  white  substance,  which  represents  a  mantle 
decreasing  noticeabh  and  continuously  from  above  downward,  is  divided  into  separate  bundles, 
the  spittui  junimli.  On  either  side  three  columns  ran  he  distinf^uished :  an  iititt  rior  juniadu^, 
between  tlie  anterior  mcnlian  fissiu"e  and  the  anterior  lateral  sulcus;  a  lateral  juniculus,  between 
the  antetior  and  posterior  lateral  sulcus,  and  a  paslenor  fumadusy  between  the  posterior  laterd 
and  posteriw  median  sulcus.  Of  these  three  funicuU,  the  lateral  is  by  far  the  kug^,  the  anterior 
the  smallest.  This  division  of  the  cord  into  funiculi  is  only  roughly  descriptive;  it  does  not  for 
the  most  part  correspond  in  any  way  to  the  course  of  the  different  fiber  paths  (see  below), 

•  The  cToiKKctioa  of  the  lumbar  enlargemcBt  eomapooiis  mndi  mow  in  fonn  to  k  ahoit  dUpw  tliaa  doc*  Ae 
incciilar  aecifaMi  <A  the  ccnrioU  enlargement. 

t  OcCMloaaQy,  onwll}  only  in  UiefMusor  the  newfaocn  child,  there  is  mlw  u  anterior  inkrmiii^  tutaa,  whidi 
indiatts  the  ktccil  hatder  of  the  mlcrior  ccrebmpmal  feidcvhis  <ice  p.  116). 
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Fir..  6ii.-  A  ])<»ter!<)r  view  i)f  ;i  porliDn  i>f  the  viiin.il  cord  uith  its  ncmbniNS. 
Alxivc,  the  dura  nutcr  has  been  divided  and  reflected  and  the  arachnoid  removed. 

FkG.  6i3. — ^An  anterior  view  of  the  ^nal  cord  with  the  efferent  roots  of  the  nerves. 

Fig.  613. — A  transverse  segment  of  the  spinal  cord  with  Ixith  spina!  ganglia. 
Fiu.  614. — ^An  anterior  view  of  the  lower  portion  of  the  spinal  cord. 
The  dttim  naier  hu  ben  divided  loa^tiidiMdlf. 


the  division  of  the  posterior  fimiculus  hy  the  intermediate  sulcus  and  tlie  conmective-tbsue  sep- 
turn  starting  from  it,  altme  contiipondiiig  to  the  line  of  sepantioa  of  the  fasdctilus  gndlb  and 

the  fasciculus  nmrattis. 

The  fimicuit  are  again  subdivided,  according  to  the  fiber  paths  which  traverse  them,  into 
ludculi  (Fig.  615),  whose  boundaries,  as  a  rule,  cannot  be  dctenmned  by  ordituuy  anatomical 
methods.*  Thus  the  antarior  ftmiottlua  has  two  subdivisions:  x.  The  nanow  mOerior  cer^bre- 

spimi  {direcl  pyramidal  fasckulus),  bordering  on  the  anterior  median  fissure ;t  it  contains  a  ]iart 
of  the  large  motor  riath  of  the  body,  the  5;oca11od  jiyramidal  tract,  ami  only  the  direct  portion 
of  it,  and  this  is  occasionally  (generally  only  in  the  newborn)  separated  from  the  main  portioa 
of  the  anterior  fasdculus  by  the  anterior  intermediate  sulcus. 

a.  The  reibainlng  subdivision  is  tcnown  as  the  anterior  fastkmhu  froprius  (I^ecksig'i  los^ 
ckulus)  and  contains  only  short-path  fibers  from  the  cells  of  the  spinal  cord  itself. 

The  lateral  funiculus  has  four  svilxlivisions:  i.  The  lalrral  cerebrospinal  (crossed  pyra- 
midal) jascicuius  is  a  descending  centrifugal  bundle  or  motor  path  which  gradually  decreases 
in  ttudmeaa  from  above  downwud  and  contams  the  main  part  of  the  pyramidal  path,  the  crossed 
tract  (see  page  180).  It  is  a  strong  rounded  three-sided  fasciculus  situated  in  the  dorsal  portion 
of  the  lateral  fimiculus  and  bordering  partly  on  the  gray  matter  of  the  posterior  horn,  and  through- 
out the  greater  portion  of  its  course  i>;  covered  by  the  followin<^  fasciculus,  so  that  it  docs  not  reach 
the  surface  of  the  cord.  2.  The  cerebellospinal  [direct  cerebellar)  jascicuius  is  a  narrow  su|)er- 
fidal  aone  of  the  dorsal  hidf  of  the  lateral  funiculus  and  contains  ascending  sensory  paths.  It  b 
not  present  in  the  Icunhar  region  and  after  its  appearance  increases  in  thickness  from  below 
upward.  Its  fibers  originate  in  the  cells  of  the  column  of  Clarke  and  traverse  the  spinal  cord 
and  mcflulla  oblongata  to  rt  arh  the  vermis  of  the  cen  bt  llurn.  t,.  The  superficial  an!,  rolaieral 
jascicuius  or  Gouer's  tract  lies  supcrlicially  in  the  ventral  half  of  the  lateral  fascicuius.  The 
origin  of  its  fibers  is  unknown,  but  it  forms  a  sensory,  centripetal  system  of  fibers  which  ascend 
to  the  pons  and  oonebdltmi.  4.  The  remaining  portion  of  die  lateral  fasdculus  is  occupied  by 
ihc  literal  faxiculus  proprius  (Flechsig's  fasciculus).  It  is  a  very  small  strip  along  the  lateral 
border  of  (he  gray  svibstanro,  bctwven  the  latter  and  Cowcr's  trai !,  and  contains  mainly  short- 
path  fibers  connecting  dillcrent  regions  of  the  spinal  cord,  being  especially  for  the  fibers  bor- 
dering upon  the  gray  substance. 

*  Tlietr  dcliimtfttkm  bas  been  determined  bjr  the  applicaUon  of  iperial  inetbods  to  the  iludy  of  tiw  fibeMracts  at 

the  Central  niTvntis  ^••itr  m. 

t  Nti'dia!  to  the  anterior  tcrrbrt>sj>inal  lasiitulus  llicrc  is  a  narruw  Uitl  boiucring  ininsrtiialrly  ujwii  the  anterior 
median  fissure.  It  1*  knom  as  the  sukamargtnat  jiiscUuUtt  and  descends  from  the  region  of  the  cor|K>ra  <)uadrigeinina. 
[Aod  iurtbenwne,  »  group  of  aomcwliat  scattered  fiben  occur  on  tbe  aiufscc  o(  the  anterior  funicuiua,  between  the 
median  fimre  and  tbe  anterior  lateral  aalcm,  and  coaalituta  the  dutenir  maitginat  {MardtV£i  hutidte,  wbicb  deaoenda 
from  tite  cerebellum  to  the  cells  ol  tbe  anterior  bom.— 'Eo.] 
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Fic.  615. — Diagram  of  the  columns  and  of  the  course  of  the  fibers  in  the  spinal  cord.  Cerebrospinal  fasciculi 
»nd  motor  cells,  red  (ventral  cerebrospinal  fasciculus  ri-d  streaked,  lateral  cerebrospinal  fasciculus,  red  cross-hatched; 
anterior  roots,  collaterals  of  the  cerebrospin.il  fasciculi,  s«)li<l  rc<l) ;  spinal  ganglion  and  posterior  root  fillers,  blue; 
fasciculus  gracilis,  blue  cross-hatched  ;  fasciculus  of  cuneatus,  blue  streaked  ;  cerebellospinal  fasciculus,  blue  dotted. 
*  -  Uncrossed,  *  ♦  ^  crossed  fibers  of  ventral  cerebrospinal  fasciculus. 


A  ntrriiir  horn 
Motor  anterior  horn 

'^Anterior  root  fiUiments 
Anterior  white  commissure 


Fir..  616. — Diagram  of  the  course  of  the  fibers  in  the  spinal  cord.  Motor  cells  anti  fibers,  red  ;  posterior  roots 
with  their  collaterals  and  fibers  of  the  posterior  funiculus,  blue;  column  cells,  black.  The  arrows  indicate  the  course  of 
the  fibers. 
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In  addition  lo  ihv  sh<jH-\tAih  iUjcrs  the  lateral  fasciculus  propriuA  <.4j<iitaiitii:i  in  its  lateral  portion  some  long,  sU-ndcr 
bvUMDct,  such  fts  the  rubrospinal  (Monattno's)  tract,  which  comes  from  the  red  nucleus  of  the  tegmentum,  a  quadrigemino- 
ihalamus  tract,  a  iaUnU  vuUivh$fUud  IrMt  from  Deiter's  nudnis,  (and  Htfm^s  bundle,  situated  auperfidally  near  the 
anterior  lateral  sulcus  and  connected  above  with  the  olivary  nucleut. — Ed.] 

The  posterior  funiculus  consists  of  two  main  fasciculi: 

I.  The  smaller  mc<ii;il  ]>orlion  is  the  fasricttlus  s^rarili'^  (GolJ'^  column).  It  extends  as  an 
in(k]>cruicnt  l>undlc  to  the  lower  portion  of  the  thoracic  region,  and  is  bounded  laterally  in  its 
upper  part  by  the  intermediate  septum  of  the  pia  mater,  while  below  it  has  no  visible  boundaries. 
It  contains  sensory  centripetal  fibers,  which  are  continuations  of  posterior  root  fibers  and  pass 
to  the  nucleus  £Tracili>;  in  the  fKistcrior  fa^^ciculus  of  the  medulla  oblongata  (see  page  172).  2. 
The  lateral  nuiin  [jortion  of  tlu  |K)sl(Tior  bundle  is  the  jasckulus  cunealus  (Burdach's  foiumn), 
which  in  the  upper  part  of  the  cord  contains  short-path  fibers  and  also  continuations  of  [XJsterior 
root  fiben  whidi,  as  they  ascend,  are  gradually  pressed  medially  toward  the  r^oa  of  the  fascic- 
ulus gracilis. 

In  the  posterior  funiculus  near  the  gray  commissure  thorc  are  also  ncr\e  fibers  from  the  cells 
of  the  posterior  horn,  and  sfU'cial  fibers  orrur  thn>up:h()ut  iho  entire  length  of  the  cord  in  the 
neighborhood  of  the  posterior  septum,  forming  what  are  known  as  the  aval  jasckulus  {median 
root  gone)  and  the  vetiiral  area  {mOaior  root  zone). 

{Furthermore  throughout  the  cervical  and  upper  thoracic  regions  there  occurs  in  the  medial 
poirtian  of  the  fasciculus  cuneatus  a  bundle  of  fibers  having  a  descending  direction  and  formhig 
what  is  knrnvn  as  the  cnmma  Irarl  {S(  hultze's  bundle). — Ep.] 

The  gray  substance  of  the  spinal  cord  (.Figs.  617  to  620),  surroimded  on  all  sides  by 
the  white  substance,  so  that  it  does  not  reach  the  surface  of  the  cord  directly,  is  diWded  into  two 
halves,  the  ffray  cehamUf  whidi  are  united  with  one  another  by  a  narrow  bridge,  the  ffvy  commis- 
sure. Within  this  mass,  uniting  both  halves  of  the  gray  substance,  the  remains  of  the  embryom'c 
metlullary  cavity,  the  central  canal  of  the  con!  is  found  in  the  form  of  a  mirrosroptV  axial  canal, 
which  is  generally  obliterated  in  the  arlult  and  presents  a  well-marked  dilatation,  the  terminal 
ventridtf  at  the  tip  of  the  medullary  cone. 

The  cmtial  canal  i&  situated  in  the  gray  commissure  imbedded  in  a  mass  of  neuroglia,  which 
is  teitnofl  the  central  gray  substance.  This  does  not  occupy  the  whole  width  of  the  gray  com- 
mi'^'^nre,  but  a  narrow  zone  of  gray  sub-ifanec  \'n'<  both  in  front  of  and  Iwhind  it,  forminc;  what 
are  known  as  the  anterior  and  posterior  gray  commissures.  The  former  does  not  directly  border 
upon  the  anterior  n^ian  fissure,  but  is  separated  from  it  by  a  narrow  band  of  white  substance, 
the  emterior  white  eommissure,  consUting  mainly  of  crossing  fibers  of  the  anterior  pyramidal 
tracts  (see  i)agcs  116  and  i8r). 

Knrh  pray  column  i«  a  mirror  pirttire  of  the  other  a-  i-  (he  ra^e  witli  the  opposite  halves  of 
the  entire  cord,  and,  with  the  uniting  commissure,  they  present  a  liguic  like  the  letter  H  in  cro&s- 
sections  of  the  cord.  Each  gray  column  is  divided  into  two  main  parts,  a  more  marked  anteriorly 
directed  swelling,  the  avUerior  coUmn  (anterior  horn  of  the  cross-section),  and  the  less  marked, 
posteriorly  directed  posterior  cohtmn  {posterior  honi). 

These  secon»l3ry  rohimns  are  united  with  one  another  and  also  with  the  ends  of  tlie  rom- 
missure,  but  are  partly  separated  ujxjn  their  lateral  surface  by  the  libers  of  the  lateral  column, 
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Fig.  617. — A  cross-scrlion  throuf;h  ihc  cemral  onlargcmrnt.    (Magnifird  8  times.) 


Fic.  6»o. — A  cross-section  through  thr  lowrrmost  Fir,.  6iq. — A  rross-scction  of  ihc  lunitiar  cnlargomrnt.  fMagnl- 
poruon  o(  the  lumbar  cord.   (Magnittcd  8  times.)  ficd  8  times.) 
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which  pre«s  mwlially  and  occupy  a  corresponding  concavity  of  the  gray  column.  Here  also  the 
line  dividing  the  gray  and  ihc  white  substances,  usually  clearly  separated,  is  indistinct,  the  two 
mibstuces  mingling  in  tfai$  re(pao  to  fom  the  retkular  jamalion.  At  ceitabi  leveb  of  the  ooid, 
especially  m  the  upper  thoracic  legioii,  the  gray  rOiadar  processes^  which  enter  the  reticular  for- 
matioa,  form  a  lateral  projection  into  the  lateral  funiculus;  this  b  termed  the  lakral  cektmn 
{horn)  and  is  regarded  as  an  annex  to  the  anterior  column. 

The  anterior  column  through  the  entire  length  of  the  cord  is  thicker  than  the  posterior  column. 
It  partly  sepantes  the  anterior  and  lateral  fumcoli  and,  inm  the  r^ion  of  its  greatest  ooDvexily, 
where  it  u  nearest  the  surface  of  the  con),  it  sends  out  the  amtmor  roof  fibments,  which  leave  the 
cord  along  the  line  of  sqMiation  of  the  anterior  and  posterior  funiculus,  the  anteckr  lateral  sulcus. . 
These  filamcnt^^  are  processes  of  the  motor  cells  of  the  anterior  column,  the  main  group  of  ceils 
of  this  portion  of  the  gray  substance. 

The  posterior  column  (Figs.  613  and  617  to  620)  arises  at  the  junction  of  the  anterior  column 
and  the  oommlssuie  with  a  distinct  constriction,  the  nedk,  upon  which  follows  die  head^  the  diickest 
part 'of  the  posterior  ootunin,  and  which  on  account  of  its  glassy  appearance  is  knowTi  as  the 
gelaiinous  subsfance  of  Rolando*  The  column  then  narrows  quickly  and  decidedly  to  form  tlie 
apex,  which  extends  to  ihc  bottom  of  the  posterior  lateral  sulcus  and  here  receives  the  posterior 
root  fUametUs  entering  the  cord.  Throughout  its  entire  length  the  posterior  column  forms  the 
boundary  between  the  lateral  and  postmor  funicuh*.  It  contahis  practically  only  soK»lled  col- 
umn cells  whose  a\i>  ( ylindeis  pass  to  the  anterior  and  lateral  fasciculi  proprii  and  partly  also 
to  the  po!5fcrinr  funiculus.  A  large  f^oup  of  colunin  cells  in  the  lower  thoracic  and  upjier 
lumbar  regions  forms  the  dorsal  nttcleus  {column  oj  Clarke),  situated  dose  to  the  commissure  in 
the  neck  of  the  posterior  column. 

The  gray  substance  of  the  spinal  card  does  not  decrease  in  amount  &om  above  downward 
as  does  the  while,  but  changes  its  form  as  well  as  its  size  at  the  different  levels  of  the  cord.  It 
is  develo]>e(l  most  sfron<:,dy  in  the  region  of  the  two  enlargements,  which,  indcwl,  arc  largely  caused 
by  the  increased  amount  of  the  gray  substance.  The  gray  substance  is  least  dcvelo[ie(l  in  the 
ijuerval  between  the  two  enlargements,  that  is  to  say,  in  the  thoracic  cord,  and  tlie  lumbar 
enlargement  is  characterized  by  especially  thidc  posterior  columns,  so  that  in  the  lower  portxm 
of  the  cord  the  gray  substance  presents  in  crosa-sections  a  more  plump  appearance. 

On  account  of  the  externa!  iarm  of  the  tpiaii  cord  a*  dcacril>ed  above,  the  gradual  decreaae  of  the  wUte  tubctanoe 

toward  ihr  lower  levels  and  the  arrangement  of  the  gray  at  diilcrent  levels  in  the  cord,  it  is  not  difTirult  to  recognize  the 
level  at  which  a  given  section  of  the  cord  is  taken.  In  the  cervical  portion,  especially  at  the  enlargement,  the  cross-9ci»ion 
il  transversely  oval,  the  white  substani.  e  is  abundant,  the  anterior  columns  are  broad  and  the  |iustcTior  narrow,  the  gray 
comininure  is  wide,  ihe  latcfal  columns  and  the  coiumns  of  Clarke  arc  lacking,  and  the  poalcrior  badcultis  is  plainly 
divided  Into  the  columiis  of  GoU  and  Burdach  bjr  the  iMemediate  septum.  In  the  thoracic  regioB  the  erass-sectiott  b 
aliTii>st  i  iri  'jL\r,  !tif  .irca  uf  ^;r.iy  substance  is  small,  the  anti-rior  horns  are  c-i-ci  ially  naiT.jw,  tf>o  j^rav  « (.>[:in:is>.ure  is 
decide<ily  narrower  than  in  the  cervical  region,  the  lateral  horns  arc  well  developed  in  the  upper  thoracic,  and  the  columns 
of  Qarke  in  the  lower  thoracic  portion,  and  rfuoe  the  am  of  gray  aabMance  is  small,  the  amount  of  white  auliaianoe 
it  oonsidcimUy  larger  than  that  of  tlie  gray. 

The  InmlMir  croM  section  Is  again  uaosnraely  oval,  not  so  distinctly  so,  however,  as  that  of  the  cervical  enlarge 
ment  tn  the  upper  portioD  of  tlie  lumtnr  cord,  dtrlte'k  columna  ate  still  present  and  the  mam  of  gray  is  alieut  eqtml 

*  The  gelatinous  sul>stance  of  RoHando  is  by  no  means  entirely  com(Ki$ed  of  neuroglia,  but  also  contains  in  the 
cerviea]  regioo  small  ganglion  cells,  a«^  for  example,  the  celU  of  the  nadcus  of  the  spinal  tract  of  the  trigeminal  nerve. 
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to  that  of  the  white.  In  the  artual  lumbar  enlargement  the  reiathT  amount  of  gray  suhslanrr  inrreasen,  the  posterior 
horns  beconung  characteriKd  bjr  their  great  width,  tad  the  increMe  comiiiuiiig  towsnl  the  lower  end  of  the  calaiye* 
nxnt,  the  gray  mtun  becomet  kiger  ihwi  ih*  wUtti,  ad  appcuauce  whkh  increMe*  twtQ  «t  the  bate  of  tbe  modnlluy 
coae  die  gny  cahiimit  nre  cetcred  only  bj  a  wy  namnr  aonc  of  while  tubataacfc 


All  akng  the  vpSnal  cord  and  symawtrically  from  both  halves  of  it,  pidis  of  nerves  arise, 
called  spinal  ncrv  i  s  (Figs.  608  to  614).  There  are  thirty-one  pairs  of  them.  The  nerves  of  each 
pair  have  their  origin  from  the  left  or  right  side  of  the  cord  at  tlic  same  level,  and  each  ncr\'e  arises 
by  two  separate  roots  which  emerge  at  the  anterior  and  posterior  lateral  sulci,  and  arc  acottdingly 
termed  the  anterior  and  posterior  roots. 

The  anterior  is  the  motor  root  and  rcpresoits  the  centrifugal  path  enterhig  the  s)Mnal  norves 
to  pass  to  the  muscles,  the  posterior  is  the  sensory  root,  the  centripetal  path  entering  the  c  ord  and 
conveying  imptilst^  from  the  sensory  end-organs.  The  separate  nerve  bundles  which  leave  the 
cord  in  the  anterior  laieral  ctilrns  or  enter  it  at  the  posterior  lateral  sulcus  arc  known  as  root 


,  and  in  the  anterior  root  lliey  appear  as  numerous  thin  threads,  while  in  the  jxteterior 


xoot  they  are  tliidcer,  but  less  numerous.  The  whole  number  6t  nerve  fibers  is  nudi  greater 
(almost  three  times  as  great)  In  the  posterior  root  than  in  the  anterior,  and  the  posterior  roots  are, 
therefore  (those  of  the  llrst  cer\'ical  ner^•cs  excepted  ;,  alwa}s  the  stronger. 

Since  the  root  tihers  diverge  toward  the  spinal  (orcl  and  t  onverge  toward  the  spinal  ganglia, 
each  of  the  two  (jjosterior  and  anterior)  lateral  sulci  of  the  cord  presents  an  almost  continuous 
row  of  nerve  fibers,  which  is  continued  uninterruptedly  to  the  lower  end  of  the  cord,  the  last  root 
filaments  emerging  fvm.  the  medullary  cone.  Hie  lines  of  emergence  of  the  lower  nerve  roots, 
on  cither  side,  are  very  close  together,  being  separated  only  1)y  a  narrow  space;  those  of  the  upper 
thoracic  ner\'es  are  furthest  from  the  median  line,  even  further  than  in  the  cer\  ical  ncr\*es. 

The  left  and  right  roots  of  any  pair  of  nerves  are  generally  of  equal  size,  but  not  infrequently 
variations  occur,  so  that  one  root  fe  oonsidexably  larger  than  that  of  the  other  side;  this  inequality, 
however,  behig  equalixed  by  the  next  root  above  or  below  being  ooirespondmfpy  larger  or  smaller, 
as  the  case  may  be.  For  an  equalization  of  the  number  of  nerve  fibers  anastomoses,  known  as 
nnsrr,  occur  between  se|)aratc  nene  roots,  especially  in  the  case  of  the  posterior  cerv'tca!  roots. 
Occasionally  small  ganglia  occur  in  the  course  of  the  |K)stcrior  root  fibers,  forming  the  so-called 
oAerran/  ganglia. 

The  sise  of  tbe  individual  roots  varies  and  gencnUy  cotxcspoods  with  the  spinal  enlaigements 
Ul  such  a  way  that  the  largest  nerve  root  arises  from  the  region  of  greatest  enlargement,  so  that 
the  roots  of  the  sixth  cenical  and  second  sacrai  nerves  are  the  largest,  ihofe  of  the  first  cervical 
and  coccygeal  the  smallest,  and  those  of  the  thoracic  nerves  distinctly  weaker  than  those  of  the 
cervical  and  lumbar  nerves.  The  anterior  and  posterior  roots  of  either  side  unite  to  form  the 
sfhuA  nerves  (^gs.  608, 613,  and  613).  According  to  their  places  of  emergence  from  the  vertebral 
canal  these  may  be  divided  into  d^t  pairs  of  cervicdf  twdve  pairs  of  Uunde,  five  pairs  of  /vmAor, 
five  pairs  of  sacral,  and  one  pair  of  corcygeal  tfrnrr,  and  since  each  nerve  arises  from  s  union  of 
an  anterior  motor  and  a  posterior  sensor)'  root,  it  is  a  mixed  nerve. 

Shortly  before  uniting  to  foim  the  mixed  nerve  the  root  fibers  converge  in  a  fan-like  manner 
to  n  rounded  nerve  bundle,  the  real  root,  and  in  addition  the  posterior  sensory  root,  just  before 
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uniting  with  ihe  anterior,  lorms  an  elongatcTl  spindle-shaped  ganglion,  the  spinal  ganglion*  (I-  i^?^- 
612  and  613)  whose  size  is  relative  to  that  of  the  root  on  which  it  occurs.  Although  the  anterior 
not  rests  direcdy  on  the  anterior  surface  of  the  ganglion,  its  fibers  take  no  part  in  its  fmnation, 
and  the  color  of  the  spinal  ganglia,  being  gray,  contrasts  "wiUi  the  pun'  wh'iw  c  olor  of  the  ncn'es. 
Thr  s[iln;il  ganglia  of  llu>  ct  rvical,  thorac  ic,  and  lumbar  ner\'es  arc  ^itnatrd  in  the  inten'rrtfbral 
foramina,  tho>c  of  the  sacral  ncnx-s  ia  the  sacral  canal,  but  cxtt  mal  to  the  rlura  mater  (see  below), 
and  liiat  of  the  cuttygeal  nerve,  the  smallest  of  all,  generally  u  iiiun  the  dural  sac. 

Since  the  nerve  roots  arise  at  rather  small  intervals  from  the  xdatively  short  spinal  ooid 
(it  reaches  only  to  the  first  or  second  lumbar  vertebra)  and  since  there  is  a  continuous  decrease  in 
the  intervals  from  abo\e  downward,  so  that  at  the  lumbar  enlargement  'bo  root  filaments  form 
an  unbroken  row,  while  tlie  inter\'al  between  the  intervertebral  foramina,  through  whidi  the 
spinal  nencs  leave  the  vertebral  canai,  become  gradually  larger  because  of  the  increasing  height 
of  the  vertebra,  the  length  of  the  individual  spinal  nerve  roots  must  increase  considerably  toward 
the  lower  part  of  the  series.  Only  the  upper  cervical  nerves  have  roots  passing  horizmitally  or 
nearly  so;t  even  the  middle  cervical  nerves  must  take  an  oblique  coiu^  to  arrive  at  their  respective 
intervertebral  foramina.  The  lower  the  origin  of  a  ncr\'c  the  more  oblique  antl  the  longer  must 
its  roots  be,  and  since  the  last  sacral  ncr\'es  emerge  from  the  last  sacral  foramina,  but  arise  from 
the  cord  at  the  level  of  the  first  lumbar  or  twdfth  thoradc  vertebra,  they  must  traverse  a  dntance 
of  ro  cm.,  the  coccygeal  nerve  about  14  an.,  or  more,  within  the  vertebral  canal  (and  the  sacral 
canal).  Consequently,  the  roots  of  the  lumbar  and  sacral  nenes,  whith  arise  at  the  lumbar 
enlargement,  pass  almost  vertii  ally  downward  and  surround,  hke  a  hor-^e'-,  tail,  the  filum  ter- 
minale,  close  to  which  the  coccygeal  ner\'e  runs.  The  mass  of  nerves  thus  formed,  which  fills  the 
lower  part  of  dbe  vertebral  and  almost  the  whole  length  of  the  sacral  canal,  surrounded  by  the 
dura  mater,  is  the  ea$tda  tquina. 

Each  spinal  nerve  thus  formed  by  the  imion  of  the  anterior  and  posterior  spinal  nerve  roots 
divides  immediately  upon  its  exit  from  the  intcr\  ertebral  foramen  for  in  the  intervcrteljra!  for- 
amina of  the  sacrum)  into  two  branches,  an  atUerior  ramus,  which  is  mudi  stronger  than  the  other, 
Mr  posterim^  romus.  Only  in  the  first,  and  sometimes  Jn  ^  second  cervical  nerve^  Is  the  posterior 
ramus  thicker  than  the  anterior;  in  the  remaining  nerves  the  samse  holds  true,  the  posterior 
rami  of  the  lumbar  and  sacral  nerves  being  espi-cially  weak,  considering  the  size  of  the  whole 
ncr\'c.  Both  the  anterior  and  j  (interior  rami  are  mixed  nerves.  In  the  sacral  region  the  anterior 
rami  leave  the  sacral  canal  througli  the  anterior,  the  posterior  rami  through  the  posterior  sacral 
foramina. 

The  anterior  rami  of  the  spinal  ner\'cs  have  a  t^dency  to  unite  with  neighboring  nerve 

branches  to  form  acute-angled  or  arched  ansie.  These  take  place  e-[>et  ially  in  the  formation 
of  ilu  large  |ile.\u-es  from  which  the  evtremities  receive  their  nerve>.  Tlie  anterior  l>ranche^  of 
the  spinal  nerves  also  receive  from  the  sympathetic  nervous  system  rawi  <»«»»»*nica«/<?j,  whicll 
come  from  the  ganglia  of  the  sympathetic  trunk  (sec  page  239). 

♦  The  ganglion  rrlls  of  the  spin.il  ganglia  arc  the*  actual  ( (  lis  iif  Dfipin  of  the  posterior  r^t  fiHrr-^.  For  further 
details  as  to  their  nunuter  slru*  lurc  sec  the  Suliotta-Huljcr  Histology,  Lchitiiinn';*  Mfdicai  Jland-Allasfs,  Vol.  XXVI, 

'I'  The  up]>er  ccrvit  at  nt-rve»,  hunever,  do  not  purau«  a  perfectly  atraigbt  crnxne,  but  are  fUghtly  curved,  ao  that 
tbey  may  not  be  unduly  Mreiched  by  moveinents  of  the  vertebral  ratuom. 
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TUB  SPINAL  MENINGES. 


The  entire  central  ncn'ous  system,  the  brain  as  well  as  the  spinal  cord,  enclosed  witliin 
membranes  (Figs,  (xx)  to  6i  i  and  614).  Accordini^  to  structure  and  external  appearance  only  two 
membranes  can  be  recognized,  the  dense  dura  inakr  and  a  softer  internal  membrane,  but  the 
latter  is  ccMttpoacd  of  a  more  compact  layer,  the  pia  maler,  lying  dose  to  the  central  organ,  and 
a  very  delicate,  lamellar  partion,  thejin!c^/^,_which  occupies  the  space  between  the  pia  and 
the  den^e  dura.  The  dura  maler  is  a  very  tou^li,  firm,  whitish,  shining,  fibrous  membrane,  quite 
strong  in  places  (especially  in  the  cranial  portioni  and  {xwrly  supplied  with  blood-vessels,  while 
the  softer  membrane,  especially  the  arachnoid,  is  exceedingly  thin  and  lamellar,  ihc  cranial  portion 
of  the  axachnoid  in  tlie  cnmium  containing  numerous  cavities  filled  with  a  dear  liquid,  the  ceiduo- 
q>mal  fluid,  white  the  pia  mater  throughout  Is  veiy  vascular. 

Although  the  structure  of  the  membranes  of  the  brain  and  the  cord  is  in  general  essentially 
the  same,  a  number  of  dilTercnces  in  detail  occur,  especially  in  the  case  of  the  dura  mater,  which 
is  comparatively  thicker  in  the  cranium  than  in  the  vertebral  canal  and  at  the  same  time  takes 
the  place  of  the  periosteum. 

The  apinal  dura  malar  (F!gk  611  and  614)  is  of  medium  thickness  and  forms  a  long  sac 
loosely  surrounding  the  cord.  It  begins  at  the  foramen  magnum,  where  it  Ls  continuous  with  the 
encephalic  dura  and  where  it  is  also  closely  adherent  to  the  periosfeum  and  the  adjacent  tectorial 
membrane.  This  dural  sac  extends  throughout  the  entire  length  of  the  vertebral  canal  without 
filling  it,  however,  and  by  its  pointed  extremity  reaches  to  the  end  of  the  sacral  canal.  Here 
it  surrounds  only  the  filum  teiminale  and  the  pair  of  coccygeal  nerves,  f onning  the  filum  of  the 
Spmal  dura  mater,  and  is  fastened  to  the  periosteum  of  the  inner  surface  of  the  sacral  canal  and 
the  posterior  surface  of  the  coccyx  by  connective  ti-;sue  fibers.  ^\Tiile  the  spinal  dural  sac  is  quite 
a  little  larger  than  the  thickness  of  the  cord  requires,  it  docs  not  completely  fill  the  vertebral 
canal,  but  there  always  remains  between  it  and  the  internal  periosteum  of  the  vertebral  (and 
sacral)  canal  an  epidurti  ofvUy,  practically  filled  by  the  internal  vertebral  venous  plexuses  (see 
page  82)  and  by  a  loose,  fatty,  and  vcnr"  soft  connective  tissue.  Throughout  the  vertebral  canal, 
therefore,  the  dural  sr.c  is  held  in  posifinn  only  by  tube-like  prolongations  of  it  which  pass  to  the 
various  inicrverlcbral  foramina,  enclosing  the  roots  of  each  ncnc  and  uniting  firmly  with  the 
si»nal  gang]i<m  and  spinal  nerve,  mto  the  neurilemma  of  which  it  gradually  passes  omt.  The 
dural  sac  of  the  spinal  cord  shows,  therefore,  on  either  side,  two  rows  of  lateral  openings  for  the 
passage  of  the  posterior  anri  anterior  roots  of  the  thirty-one  pairs  of  >pinal  m  r\  <  ^. 

I'he  softer  spinal  membrana  is  divided  into  the  spimU  aracluurid  and  a  vascular  membrane, 
the  spinal  pia  mater. 

The  spmii  arachttoid  (Fig.  61 1),  like  the  dura,  f<mns  a  sac  loosely  surrounding  the  spinal 
cord,  but  it    mudi  finer  and  more  delicate  than  the  dura,  lying  dose  to  its  inner  surface  and 

separated  from  it  only  by  a  potential  space,  t!ie  subdural  cavity.  It  is  not  adherent  to  the  dura 
except  at  the  intervertebral  foramina,  where  it  coalesces  with  it  in  the  region  of  the  >i)inal  tran^^lia. 
Somewhat  firmer  are  its  connections  with  the  pia  mater,  from  which  it  is  separated  l>y  the  sub- 
arachnoid cavity  containing  the  arachnoid  fluid.  In  addition  to  numerous  delicate  connective- 
tKsue  fibers  that  traverse  this  space,  a  few  firmer  connections  are  found  which  serve  as  a  suspen- 
aoiy  apparatus  for  the  spinal  cord  in  the  dural  sac.  In  the  first  place,  rather  strong  and  numerous 
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connective  fibcr>^  pn«<  from  the  pia  mater  in  the  region  of  the  posterior  median  sulni';,  forming 
what  is  known  as  the  su!  ara<  l:n»uf  sfptuiii,  and  secondly,  the  pia  malcr  unites  with  the-  arachnoid 
and  indirectly  with  the  dura  by  the  denlUuiate  ligament,  the  real  suspensor}-  apparatus  of  the  cord. 
This  cansnts  of  a  paired  plate,  placed  irontally  along  both  sides  of  the  coid,  and  arises  from  the 
pia  in  the  region  of  the  lateral  funiculi  and  is  drawn  out  laterally  into  a  variable  number  (twenty 
to  twenty-five)  of  triangular  processes,  which,  covered  by  the  arachnoid,  arc  attached  to  the  inner 
surface  of  the  dura  mater  and,  in  the  upper  part  of  the  spinal  coni,  in  such  a  manner  that  the 
attachment  of  each  process  takes  place  between  the  exits  of  two  successive  ncr\-e  roots. 

The  spinal  pia  mater  (Fig.  6i  i )  closely  sunounds  the  surface  <rf  the  coid  and  sends  a  fold  into 
the  antoior  median  fisatae  as  far  as  the  anterior  white  commusure,  so  that  it  covers  both  surfaces 
of  the  fasciculi  bordering  on  the  fissure.  It  passes  over  the  lateral  and  the  posterior  median 
sulci,  hut  sends  fme  (  onnertivc-tissue  processes  of  difTerent  Icn^hs  into  the  white  substance  of  the 
cord,  the  posieri<fr  septum  passing  from  the  posterior  median  sulcus  almost  to  the  posterior  com- 
missure, and  in  the  cervical  c<ml,  the  posknor  intermediate  septum,  passing  from  the  posterikxr 
mteimediate  sulcus  and  separating  the  oolumns  of  GoU  and  Buidach  (see  page  ixS)^  being  two 
of  these  processes.  The  lower  end  of  the  pia  mater  covers  the  filum  terminale,  which  in  its  Iowa 
portion,  where  the  ner\'e  tissue  is  absent,  is  practically  formed  by  the  pia. 

The  pia  mater  is  the  v<iscidar  membrane  of  the  spinal  cord;  it  contains  the  larger  vessels,  as 
wdl  as  thehr  branches,  which  pass  frtMn  the  membrane  dircctljr  into  the  substance  of  the  coid. 


Hie  aHertet  of  tlie  apinal  cord  are  in  Oie  lirat  plaee  die  mkrier  and  poatmcr  tphuU  arkrks,  eombig  from  the  ver- 

tcbr.d,  T:")  thr"»<"  come  the  apinal  rami  nf  the  vrrtrhrn!,  the  deep  rc-rv!r:i!,  ih.c  ir'.lrrrn5t.il,  am!  tlii'  lunllur  arteries,  whirh 
ttrengthen  the  spinal  arteries  descending  from  the  upjK^r  part  ei{  the  ci»i<l.  J  he  unpaiud  wsst'l  ri  sultiiiK  from  the  union 
of  the  two  anterior  arteries  runs  along  the  anterior  median  fissure  to  the  base  uf  the  mcdullarA-  <.'>Mr. 

Tlie  veins  do  nol  differ  materially  fram  the  arteries.  The  itittmal  spinal  feius  couiae  whhia  the  aubatance  of  tba 
cord  in  the  regioB  of  the  central  canal,  and  the  cxternfli  n/jiMl  whu  accompany  the  arleriea  along  the  external  mrfaca 
an<!  art-  >  >>rdingly  divisible  into  the  anterior  and  ffitmtr  fsttmot  tpm^vmu.  AU  the  TCinaof  the  tploal  cord  enter 
the  internal  vertebral  venous  pkxuact. 


There  is  no  ocgan  in  the  bodv  for  the  understanding  of  whose  structure  a  knowledge  of  its 
devdopment  is  so  important  as  the  brain.  A  short  resume  of  the  development  of  the  central 

nervous  system  will  therefore  be  given,  especially  since  the  rccogni;5ed  divisions  anri  the  nomen- 
clature of  the  fully  developed  brain  arc  directly  based  upon  the  development  ot  the  organ  (Figs. 
6at  and  622). 

The  first  indication  of  the  central  nervotw  system  is  the  medullary  plate  and  medullary  canal 
(see  Appendix  II.).  At  an  early  stage  the  anterior  end  of  the  roeduUaiy  canal  becomes  enlarged 
and  represents  the  foundation  of  the  brain,  while  the  remainine;  cylindrical  portion  of  t!ic  c  anal 
becomes  the  spinal  cord.  The  primitive  brain  then  becomes  incompletely  separated  by  two 
successive  constrictions  into  three  enlargements,  which  are  known  as  the  primitive  cerebral 
▼eiiclet.  The  anterior  and  laigest  one  is  die  prostneephdony  die  much  vaan  slender  middle 
vesicle,  the  mesencepfwlon,  and  the  posterior,  but  slightly  enlarged  \  csicle,  the  rhombencephaloft. 

Further  divisions  of  the  cerebral  vesicles  now  take  place.  First  from  either  side  of  tho 
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prosencephalon  the  eye  begins  to  form  as  the  so-called  primary  optic  vesicle,  which  in  the  course 
of  further  development  (sec  page  127)  remains  attached  to  the  brain  stem  b\'  llie  stalk-likc  optic 
ncr\'e.  Furthermore,  a  division  of  the  anterior  and  posterior  of  the  three  primary  vesicles  takes 
place,  while  the  middle  one  renuons  undivided,  a  stage  in  which  the  brain  consnts  of  fine  vesidesi* 
beuag  thus  produced.  By  the  division  of  the  prosencephalon  there  are  formed  a  posterior  porticn, 
called  the  between-brain  or  diencephaUm,  and  an  anterior,  called  the  end-brain  or  IdencephaJon 
(Fig.  622),  and  the  latter  soon  give^  rise  to  two  ("paired)  profuhcrances  which  in  a  short  time 
outgrow  all  other  portions  of  the  cmbr)'onic  brain  in  size  and  become  llie  cerebral  hemispheres. 
Thus,  the  tdencephalon  comsiists  of  a  small  unpaired  and  two  large  paired  parts,  the  oerdml 
hemispfaeitB.  The  rhomfaooephalon  divides  into  a  larger  anteriw  portioii,  the  Iuad4xaiti  or 
meUnccphalon,  and  a  smaller  one,  which  gradually  passes  over  into  the  cyUndrical  spinal  cord, 
and  is  the  after-brain  or  myflmrephahn  (Fig.  6221. 

The  cerebral  canal,  thus  divided,  is  not  a  straight  tube,  but  is  much  bent  upon  itself  (Fig.  621). 
In  the  mesencephaloii  there  is  a  considerable  bend,  convex  upward,  known  as  the  mid-braui 
flexure,  and  it  fonns  the  most  anterior  portioii  of  the  bent  embryonic  neural  canaL  A  aeeood 
bend,  posteriorly  concave,  occurs  in  the  rhombencephalon,  and  is  termed  the  pons  flexure,  and 
finally,  in  the  region  of  the  nape,  the  canal  is  again  bent  upon  ihe  cord  to  form  the  nerk  flexure. 
As  a  result  of  these  curvatiu'es  the  unjtaired  part  of  the  telencephalon  almost  touches  the  strong 
anteriorly  directed  convexity  <A  the  rhombencqJialon.  "Where  the  mesencephalon  passes  over 
into  the  metenoephakm  there  is  a  rather  mariced  constriction  of  the  emlnyonic  neuni  canal, 
known  as  rhombcncepktUic  isthmus. 

Even  with  the<;o  divisions  of  the  cmbrj'om'c  brain,  the  development  of  the  organ  is  not  nearly 
complete,  but,  on  the  contrary,  the  embryonic  brain  as  a  whole  differs  greatly  from  the  appear- 
ance of  the  adult  brain,  even  although  the  various  main  pintions  of  the  brain  are  indicated 
by  this  second  divinoo  of  the  neural  canal.  From  the  unpaired  part  of  the  telencephalon,  the 
optic  portion  of  the  hypothalamus,  and  from  the  paired  part  the  two  cerebral  hemispheres  arise. 
The  diencephalon  gives  rise  to  the  mamillan,'  portion  of  the  hy[)Othalamu?,  and  the  true  thalam- 
enccphalon;  the  mesencephalon  undergoes  the  least  changes,  forming  the  corpora  quadrigemina 
and  the  cerebral  peduncles i  from  the  rbombencephalic  isthmus  are  formed  the  brachia  conjunc- 
tiva and  die  ant«ffior  medullary  vdum;  from  the  metencephalon,  the  pons  and  cerebdlum;  and 
from  the  myclenccphalon,  the  medulla  oblongata.  The  ri  lation>  of  the  different  portions  of 
the  adult  brain  to  the  embr>'onic  vesicles  may  be  seen  in  the  following  table: 

Primary  Dh'ision.    Stetmdary  DMrimt,       PIim/ CMld|l||^ 


Cerebrum 


tt,^^,A,.\^  f  TelencephaloB      /  Cerebral  hemfiplieret. 
rtoKoceplulon        (End-brain)       \  Opiic  portion  of  hy|KJihalamus. 

Diencephalon        1  Miunillary  portion  of  liypothalamuj. 
{B«tween-brun)  (  Thalunc 1  |.haIon. 

Metenceplnlon  l  /  Corpora  quadrigemina. 

^  iucwHwpHwwn  ^     (Mid-brain)        «  Cerebral  peduncles. 

Isthmus  rhombencephali — Br.-ichia  ronjunctivm. 
Metencephalon  I  Pons. 

(Hind-brain)  \  Cerebeiium. 


RhonbeBccphftlon 


{Med«il.oblo«g.ta. 


*Tfae  tern  verfde  it  not  i)«dle  apprapriftto  for  these  itnictiirei;  they  ire  elongated,  rounded  mt-pouchings  of  a 
ooMtiiiwras  GTliodcr. 
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Cetehral  prdunete 

Hypottuilttmui 
EpithaUitHus  \ 
Thaiiimus  -  -  • 

Dienrrphtion 
(ItUer-bntinj 


( 'rrebral  aqueduct 

'  Mfsenupkiiton 
(Mtd-brain) 


Kktymbenerphclic 
isthmui 


PaUium 


Telrncfphaton.  ■' 
(EiiJ-brjin) 


Cerebellum 

MeSenctphalon 
(Hi)td-brain) 
Khtimh^id  fossa 


_  .  .        .     I    2  3 
 IjiimitM   C  urpu\ 

HhintHcephnlonf'  lerminatis  striatum 

{Olfactory-brain) 


fic.  6ai. — A  nicfluin  section  of  the  brain  of  an  cinbrj'o  five  weeks'  old 
(AftJT  the  mod<l  of  W.  His.)  i,  Optic  ri-ccss  ;  },  optic  chiauna  ;  j,  hj-po 
physis  ;  4.  infumlibular  recess. 


Thalamus 


Myrlcncephalon 
ijtrr-brahi) 


Spinal  tttrd 


nUnerphalon 
ilnter-hrain) 


Chorioid 
pifxus 


Pineal  body  tpilhalamus 

Cerebral  peduncle 
Cerebral  aqueduct 

Mesencc  pha  loH 
(Xfid-braia) 


Corpus 
striatum 


Tften- 

lephalon 

(End -brain) 


^  Hliombencephalie 
iithmus 

.  -  Cerrbellum 

•  ifetenrephalott 
{If li  d  brain) 
_  Rhomboid 

jossa 
'  M yelenee phalon 
(A/ter-brain) 


iMmina  trrminalis 

K  h  inencrphalon 
(Ol/aftory-brain) 


Fio.  637. — A  median  section  of  the  brain  of  an  embr)'o  in  the 
third  month.  (After  the  model  of  W.  liis.)  At  this  time  the  corpus 
caJlosum  is  still  absent. 

ia6 


Spinal  cord 
Central  canal 
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The  parts  of  the  lirain  arising  from  the  embryonic  prosenceptialon  and  mesencephalon 
are  collectively  sjx)ken  ol  as  the  cerebrum. 

During  the  development  of  the  embryonic  cerebral  canal  and  even  before  its  final  division 
a  thickening  of  both  its  lateral  walk  occurs,  due  to  their  transformation  into  nervous  tissue, 

while  the  base  and  roof  (the  so-called  floor-platc  and  roof-plan  1  n  main  thin  and  preserve  their 
epithelial  character  for  a  long  time,  sometimes  throughout  life.  FuriluTmorc,  there  can  be 
recognized  a  ventral  and  a  dorsal  zone  in  the  lateral  walls  of  the  developing  canal,  and  the  limiting 
sulci  which  separate  the  two  zones  persist  in  some  regions  even  in  the  adult  brain.  ;\i  in  ihc 
spinal  coid,  so  here,  the  nerve  fibers  emerging  dorsal  to  the  limiting  sulcus  are  sensory,  and 
those  emerging  vent  rally,  motor. 

The  further  development  of  the  emhryonic  1;rain  to  its  final  condition  lakes  jjlare  largely 
by  a  very  irregnlar  growth  of  it>  ditTorunt  parts.  In  tlie  fir-t  place,  the  terebral  hi-mlspheres 
grow  quickly  on  all  sides  and  not  only  cover  the  whole  remaining  cerebral  canal,  but  come  into 
contact  in  the  median  line  above  the  diencephalon,  forming  the  kmgifudituU  fisswe  of  the  cerebrum. 
Certain  formations  of  the  brain  do  not  appear  until  relatively  late — e.g.,  the  cerebellum  and  corpus 
callosum.  The  former  arises  by  the  migration  of  cells  from  ihv  unjx  r  Iialf  of  tlie  dorsal  zone 
of  the  rhombencephalon  into  (he  rhomboidal  roof-plalr,  whic  h  gives  ilie  name  to  ".his  ]iart  of 
the  brain  and  whose  cells  do  not  themselves  become  ner\ous  tissue.  As  the  migration  continues 
the  two  thickenings  which  they  form  unite  in  the  median  line,  and,  by  further  growth,  gradually 
cover  in  the  rhomboidal  fossa,  which,  in  the  embryonic  brain,  is  visible  from  the  surface.  The 
corpus  callosum  develops  as  a  band  of  transverse  fibers,  extending  bet  wet  n  the  two  cerebral 
lumtspheres  by  way  of  the  upper  part  of  the  anterior  wall  damina  tcrminali-^  of  the  prosen- 
cephalon, and  gradually  enlarges  as  the  hemispheres  increase  in  size.  .An  apjjarent  partial 
coalescence  occurs  between  tiie  diencephalon  and  the  cerebral  henuspheres  which  overlap  it, 
the  medial  watt  of  each  hemisphere  being  fused  with  the  lateral  watt  of  the  diencephahm  or  thala- 
mus,  while  a  transverse  cerebral  fissure  separates  the  floor  of  the  telencephalon  and  the  roof  of  the 
diencephalon  thronj»hout  life  (see  page  134).  In  the  roof-plate  of  the  diencephalon,  ju<t  as  in 
that  of  the  rhombencephalon,  no  ner\'e  tissue  is  develo|x-d  (sec  page  I56).  The  mesencephalon 
undergoes  the  fewest  changes,  its  walls  thickening  quite  unJformly  on  all  sides.  The  lumen  of 
the  medullary  canal,  ori^ally  simple,  becomes  differentiated  into  portions  corresponding  to 
the  individual  vesicles  and  forms  the  ventricles  of  the  brain  together  with  the  cerebral  af}u«luct, 
and  on  the  development  of  the  cerebral  hemispheres  is  prolonged  into  them  to  form  the  lateral 
ventricles. 

In  ttiose  regions  in  wliich  the  roof-  or  floor-plates  of  the  embryonic  cerebral  canal  do  not 
become  converted  into  nerve  tissue,  but  remain  m  an  epithelial  condition,  as  in  the  rhombenceph- 
alon, the  diencephalon  and  the  floor  of  each  cerebral  hemisphere,  vascular  proliferations  <rf  the 

pia  mater  force  the  ejjithelial  covering  into  the  ventricle  and  form  the  chorioiiial  plexuses,  which 
are  of  great  importance  for  regulating  the  pressure  of  the  cerebrospinal  Buid  found  in  the  vcn* 
tricles. 

Tiiese  appear  comparatively  eaily  and  hivaginate  the  eJunrieidei  lemma,  as  the  epithelial  wall 
of  the  ventricle  u  termed,  into  the  cavity  of  the  ventricle,  so  that  all  portions  of  the  vascular 
plexttMS  are  covered  by  epithelium,  which  prdiferates  even  after  the  invagination  is  completed, 


138 


ATLAS  Am)  TEXT-BOOK  OF  HUMAN  ANATOMY. 


but  never  gives  rise  to  nenc  tissue.  Ihe  pia  maler  which  covers  an  epithelial  iamma  which 
forms  a  portion  of  .  the  wall  of  a  voitride  is  termed  the  tda  ekorieidea. 

Not  until  late  in  embr)'onic  life  do  fissures  and  convolution^  appear  on  the  surface  of  the 
telencephalon.  TIil-  first  invaginations  of  the  surface  of  the  hemisphert-s,  called  priman-  fissures; 
(sec  page  136;,  arc  found  in  the  sixth  month  of  fetal  life.  However,  at  the  time  of  birth  all 
convolutions  are  present,  so  that  the  brain  of  the  newborn  docs  not  dilicr  materially  *  from  that 
of  the  adult. 

Much  simpler  is  the  developinent  of  the  iplnal  eofd.  Here,  also,  the  lateial  waOs  <rf  the 

canal  thicken  and  become  converted  into  ner\'Ous  tissue,  while  the  rtxif  plate  and  floor-plate 
remain  thin.  The  lumen  of  the  c  anal,  which  later  become?  the  central  canal,  is,  therefore,  for 
a  time  a  sagittal  slit.  From  the  roof-  and  floor-plaics,  by  their  folding  in  and  the  formation  of 
the  anterior  fissure  and  the  posterior  sulcus,  the  two  halves  of  the  gray  commisstue  are  fonned* 
Oi^iDally  the  spinal  cord  extends  throuf^out  the  entire  length  of  the  vertehral  canal,  but  later 
its  growth  is  slower  than  that  of  the  canal,  so  that  it  seems  to  recede.  A  result  of  this  unequal 
growth  of  the  vertebral  canal  and  s[)inal  cord  is  the  formation  of  the  cauda  equina,  which  owes 
its  existence  partly  to  the  formation  of  the  tilum  terminale  as  a  result  of  the  growth  in  length 
of  the  vertebral  canal,  and  partly  to  the  oblique  course  which  the  lower  nerve  roots  are  obli^ 
to  take. 


As  regards  the  external  form  of  the  whole  brain,  two  main  surfaces  may  be  re(ogni/,ed: 
One,  the  larger,  is  convex  throughout  and  in  its  form  corresponds  almost  exactly  to  the  concavity 
erf  the  inner  surface  of  the  roof  of  the  skuU;  it  is  known  as  the  eonvex  surfau  oftheurdruMt  for 
the  cerebrum  only  takes  part  &  its  formation.  Thi-  st  ( ond  surface  corresponds  in  general  to 
the  inner  surface  of  the  base  of  the  skull,  and  is,  tlierrfore,  largely  convex,  butalsosinuousaadof 
very  variable  form;  it  is  tcrmnl  the  base  of  the  cnceplialon. 

The  external  form  of  the  brain  corrcsjx>nds  in  general  to  the  interior  of  the  skull,  which  for 
the  most  part  (if  not  completely)  is  occupied  by  the  brain.  According  to  the  differoit  forms  of 
the  cranial  cavity,  so  differently  shaped  brains,  some  longer,  some  shorter,  occur,  and  just  as  the 
len^jtli,  breadth,  and  height  van,'  within  rather  wide  limits,  so  also  does  the  weight  of  the  brain. 
The  male  brain  is  heavier  than  that  of  the  fi-male,  the  former  averaging  1375  gram>,  the  latter 
1250  grams;  very  rarely  a  weight  of  2000  grams  is  reachc«J  or  even  surpassed,  and  still  more  rarely 
does  the  wei^  fall  bekiw  1000  grams.t  The  length  6t  brain  averages  110  to  170  mm.,  and  the 
greatest  width  is  140  mm. 

The  consistency  of  the  brain  is  soft,  thougli  variable  in  different  parts;  it  is  not,  however, 
apprcriahlv  softer  than  the  spinal  roirl.  Arcording  to  its  development  fsee  })age  i  2.\  \  it  is  divisible 
into  two  main  parts:  the  prosencephalon,  and  the  rhmnbencephalon,  but  from  its  external  form  it 
is  divisible  into  ihicc  parts:  the  ofdtnm^  m  which  is  generally  bidoded  in  addition  to  the  proeen- 
cephalon,  the  mesenoei^iakm,  the  cerddtum,  and  the  brain  siem.  By  the  latter  is  understood  the 

•  The  only  important  difference  is,  that  niMiy  pstbi  of  tht  central  nervous  sjratem  are  not  fet  nwdullated  tn  the 
newborn  child.    The  form.ition  of  the  m<vlull.iry  sheaths  is  in  many  ,  .i<;i  s  postcmbry  jiii' 

^  The  brain  in  the  lower  races  o(  mankind  (negro,  Australian)  show  a  lower  average  weight  than  that  of  Europeans. 
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medulla  oblongata  and  the  poos,  that  is  to  say,  the  rhombencephalon  without  the  cerebellum.* 
These  three  main  divisions  ure  distinctly  duimcteriiod  by  Hidr  cxtonal  pecuUaiities.  The 
brain  stem  appears  to  be  a  continuation  of  the  spinal  cord,  not  only  on  account  of  its  continuity 
with  it,  but  on  account  of  its  g( m-ral  eMcmal  ai^)eaiwice,  and  especially  because  its  surface  (and 
that  of  the  mcsencqibalon  also)  is  formed  by  white  matter  in  contrast  to  that  of  the  cerebellum 
and  cerebrum. 

The  cerebrum  and  cerebellum  are  entirely  independent  of  one  another,  and  are  separated 
by  a  deep  transveise  deft  into  which  a  portion  of  the  dura,  the  tentorium  cerebelli,  projects,  a 
coiBiection  between  the  two  occurring  only  in  that  the  cerebellum  is  connected  with  die  twain 

stem  and  this  by  the  mesencephalon  is  connected  with  the  cerebrum.  The  two  parts  present 
several  common  characlerislics.  iiulh  have  their  surfaces  formed  of  gray  substance,  the  cortical 
substance;  both  have  sulci  which  penetrate  the  gray  substance  and  produce  convolutions,  ^yri, 
lying  between  neighboring  sulci;  both  have  symmetrical  halves  called  hemispheres.  However, 
decided  microscopical  differences  exist  between  the  gray  sttbstanoe  of  the  cerebrum  and  that  of 
the  cerebellum,  the  sulci  of  the  ceret^ellum  arc  much  narrower,  the  convolutions  which  these  form 
are  more  slender,  and  the  sulci  run  almost  parallel  with  one  another,  while  in  the  cerebrum  they 
are  much  more  irregular;  furthermore,  the  two  cerebral  hemispheres  are  almost  completely 
separated  by  a  deep  cleft,  while  the  cmbdlar  hemispheres  are  united  by  a  median  portion,  the 
vermis  of  the  ctrvMihfiw. 

In  the  brain  a  s\"stem  of  cavities  filkfi  w  ith  a  clear  tluid,  the  cerebrospinal  fluid,  occurs, t  and 
these  arc  products  of  the  dilTerentiation  of  the  embryonic  medullary  cavity  iscc  pape  124)  and  in 
the  different  sections  of  the  brain  receive  different  names.  Each  cerebral  hemisphere  has  such 
a  comph'cated  space,  called  the  lateral  venlride,  each  of  which  commtmicates  by  a  semicircular 
apertture,  the  inierventricular  foramen,  with  the  unpaired  cavity  of  the  diencephalon,  whidi  is 
known  as  the  lliiril  vctUricle.  The  ventriciilor  system  is  narrowest  in  the  rcf^ion  of  the  mesen- 
cephalon, where  it  forms  a  narrow  canal,  the  cerebral  aqueduct,  which  connects  the  third  and 
jourtti  ventrkUs,  the  latter  being  the  cavity  of  llie  metenccphalon  and  the  neighboring  portion  of 
the  myelenoephalon,  while  in  that  part  the  latter  idiidi  immediately  succeeds  the  spinal  coid 
there  is  a  continuation  of  the  central  canal. 

General  DESCRiPTiON  of  the  Separa  fe  farts  of  the  Brain. 
Before  beginning  a  special  description  of  the  various  parts  of  the  bruin,  it  will  be  well  to  form 
an  idea  as  to  how  the  oigisn  is  constructed  from  its  parts.    For  this  purpose  a  consideration  of 
three  views  of  tlw  brain  may  serve:  first,  that  of  the  convex  surface;  second,  that  <rf  the  base, 
and  lastly,  that  ol  a  median  section. 

THB  CONVEX  SURFACE  OP  THE  CZREBRUM. 

In  the  examination  of  the  convex  surface  of  the  brain  (Figs.  590  and  628)  one  sees  the  cere- 

brum  or  rather  the  cerebral  hemispheres,  which  are  separated  from  one  another  by  the  deeply 

*  The  ndd-braiii  U  not  infrequently  regarded  a*  a  portion  of  the  brain  Kem  rather  than  u  bdoqging  to  the  ccce- 
tmim. 

^  it  is  thr  rfrebrospin.l1  fttiid  in  ttir  n.irniwvr  Mn^-  of       term  that  oCCVCa  witfaill  tlK  VCIItlklllar  OmtiCli  thtMine 
name  is  also  applied  to  the  fluid  occurring  in  the  sutiarachnoid  cavity. 
Ill— « 
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Fig.  62J. — The  base  of  the  entire  brain  with  the  points  of  emergence  of  the  twel\-e  cerebral  ner\'es. 
Upon  the  left  the  «iMli«  urmiliimr  gugUon  ha»  been  retained.  The  hypophy&is  hu  been  displaced  tUgMy  beck- 
ward  and  ccmpreaaed  to  caqKiae  the  iaf undihuliun.  The  Roman  Buraerala  indicate  the  numher  of  the  cefehtal  oervea. 


penetrating  longlludinal  fis<:urc,  and  whose  surfacfs  form  a  common  ronvcxitv,  arching  in  the 
frontal  as  will  a-,  the  saj;i(tal  (iireclion.  The  color  of  the  whole  surface  is  a  grayish-red,  for  only 
the  gray  cortical  layer  is  exposed.  The  hemispheres,  on  account  of  their  length  and  breadth, 
cover  all  other  portions  of  llie  cerebrum  and  cerebellum,  and  od  thdr  convex  surfaces  a  large 
number  of,  at  fi»t  sight,  very  irregular  and  often  anastomosing  auld  will  be  found,  wfaid»  bound 
corresponding  portions  of  the  surface,  knowTi  as  convolutions  or  g}Ti.  A  number  of  convolutions 
together  constitute  a  lofM>.  and  upon  the  convex  stirface  of  the  brain  portions  of  a  jronkU  hbe, 
a  parkuU  lobe,  and  an  occipital  lobe  arc  visible. 

THE  BASE  or  TEIB  BN^PHALON. 

The  base  of  the  encephalon  (Pig.  623)  is  of  a  much  more  complex  form  than  the  convex 
surface  of  the  brain,  not  only  the  cerebrum,  but  to  a  considerable  extent  also  the  cerel>ellum 
and  the  brain  stem  taking  part  in  its  formation,  so  that  portions  of  all  the  main  divisions  ( telen- 
cephalon, diencephalon,  mcsenceidialoa,  metenoephakm,  and  mydenccfdialon,  see  page  125) 
may  be  seen  at  the  base,  and  m  addition  all  the  cranial  nerves  are  exposed  on  this  surface.  B^jn- 
ning  its  examination  at  the  front  and  proceeding  badcward,  there  are  to  be  seen  in  its  anterior 
portion  the  concave  surfaces  of  the  two  frontal  lobes"*  with  their  suld  and  convolutions,  sepa- 
rated from  one  another  by  the  longitudinal  fissure. 

On  e^ier  ^e  parallel  to  tUs  fissure,  nms  a.  flattened  band  distfingufehed  &om  the  gray 
cortex  of  the  frontal  lobe  by  its  white  color,  lying  in  a  shallow  groove  and  havmg  anteriorly  on 
oval,  somewhat  flattened,  grayish-yellow  enlargement;  this  is  the  oljactory  tract  with  the  oljaclory 
bulb.  Posteriorly  it  runs  in  a  shallow,  white  area,  the  olfactory  trigone,  which  is  for  the  most  ]»ar1 
covered  by  the  optic  nerve.  These  trigones,  together  with  the  olfactory  lobes  and  bulbs,  form 
the  rkinencepluUm  or  olfactory  brain,  which  is  regarded  as  bekmging  to  the  cerebral  hem&qpheres. 
From  the  dfactory  bulb  the  fibers  of  the  otjadaiy  nerve  cmeige,  this  being  usually  considered 
the  first  cranial  ner\fe. 

That  portion  of  the  cerebrum  which  lies  |)osterior  to  the  frontal  lobe  and  at  the  same  time 
projects  downwarti  as  a  strong  convexity,  its  lip,  the  temporal  pole,  overlapping  the  frontal  lobe, 
is  the  lem parol  lobe.  The  deep  and  rdativdy  wide  deft  which  separates  it  fiun  the  frontal  lobe 
is  the  Sylvian  or  leiend  fissure  of  the  oerebrum;  the  furrow  in  ^ch  this  terminates  anteriorly 
is  the  Sylvian  or  lateral  jossa.  The  mcflial  liorders  of  the  two  temporal  lobes  approach  one 
another  ?o  clcxrly  that  the  most  medial  i>  only  about  i  cm.  from  the  median  line.  Thi> 

point,  which  is  about  3  cm.  behind  the  temporal  pole  (but  is  more  medially  and  higher  t  than  it), 
is  caUcd  the  uncus.  The  space  which  lies  deeply  in  the  base  <d  the  brain  between  the  two  unci 
and  n  about  a  cm.  broad,  allows  the  fdlowing  important  structures  to  be  recognised:  In  the 
fiist  place,  adjoining  the  postmor  end  of  the  longitudinal  fissure,  there  is  a  deqwr  mass  of  white 

•The  most  antr-'i,>r  ii-anl  r,i  tin-  fr.int.,!  lr.i>r  is  .  .illid  ihc  fcoBlal  pole. 
That  is  to  say,  regarding  il  from  ihe  base  of  the  brain. 
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fibers,  ihe  opiic  chiasma.  Tt  forms  a  iran^^vcrsc  white  band  from  whose  extremities  two 
round  nerve  cords  arise  and  diverge  forward  and  laterally  and  arc  known  as  oplk  nerves,  being 
the  second  pair  uf  cranial  ncr\'c$.  Passing  to  the  chiasma  from  behind  and  laterally  are  the 
optic  tmOSt  which  in  an  tmmjtired  brain  are  for  the  most  part  covered  by  the  temporal  lobes. 
The  op6c  chiaama  is  a  part  of  the  telencephalon  or,  mort  definitelyt  of  the  optic  portion  of  the 
hypothalamus.  On  citlur  side  of  the  optic  chiasma,  but  somewhat  deeper,  in  the  posterior 
extension  of  the  ollattory  trigone  there  is  an  area,  perforated  by  blood-vessels,  which  belongs 
to  the  rhinencephalon  and  is  known  as  the  anterior  perjoraied  substance. 

Directly  behind  the  chiasma,  suspended  by  a  thin,  soft  stem,  is  an  irregularly  round  gray 
mass,  the  hypophysis,  which  is  also  a  part  of  the  optic  portion  of  the  hypothalamus.  It  is  only 
loosely  connected  with  the  cerebrum  and  lies  in  the  hypophyseal  fossa  of  the  sella  turrit  a.  At 
the  place  of  or\^r\  of  the  hyjwphysis  from  the  base  of  the  brain  there  is  a  slightly  convex,  grayish 
mass,  the  tuber  cintreum,  which  is  directly  continued  into  the  injundibtdum,  as  the  hollow  stalk 
of  the  hyixjphy.-,is  is  termed. 

Behind  the  tuber  cinereum,  and  still  in  the  deep  space  between  the  two  unci  of  the  temporal 
lobes,  are  two  rounded  eminences,  distinguishal  Ijy  their  wh!ti.-.h  color;  these  arc  the  mammiUary 
bodies:  they  lie  rlose  to  the  median  line  and  belong  to  the  mam  miliary  hypothalamus  and,  there* 
fore,  10  the  dicnccphalon. 

A  short  dtttanoe  faduhd  the  cor{>ora  mammillaria  the  anterior  portion  of  the  pons  s  seen 
as&  broad  apaasiai,  and  by  thelaterpoaitioii  of  the  broad  white  brain  stem  between  the  temporal 
lobes  and  the  cerebellar  hemispheres  the  whole  configuration  of  the  base  of  the  brain  is  changed. 
However,  in  the  narrow  ^[)ace  Ix-hind  the  corj>ora  mammillaria,  betsveen  them  and  the  |X)ns, 
and  in  the  space  between  the  corpora  and  the  uncus  of  the  temporal  lobe,  some  very  important 
structures,  partly  covered  in,  occur.  Largely  under  cover  of  the  uncus,  a  large  white  bundle, 
the  ttrtbral  pedmde  (Fig.  648),  emerges  on  either  sule  from  under  the  pons  and  diverges  forward, 
the  two  forming  the  lateral  boundaries  <rf  a  triangular  depression,  the  interptduncvUar  }ossa,  whidi 
lies  immediately  behind  the  corpora  mammillaria.  Its  floor  is  perforated  by  numerous  blood- 
vessels, whence  it  is  termed  the  posterior  perjoraied  substance.  These  structures  are  parts  of  the 
mesencephalon.  From  the  mterpeduncular  fossa  on  either  side  of  the  mesial  border  of  the 
pedunde  the  third  cranial  nme,  Uie  oculomotor,  \a&  its  origin. 

The  posterior  portion  of  the  base  of  the  brain  has  in  the  middle  line  the  white  brain  stan, 
from  which  the  fourth  antl  fiftli  to  twelfth  cerebral  nerves  ari>t\  Posteriorly  it  is  directly  con- 
tinued into  the  spinal  cord  without  any  sharp  lines  of  division,  but  its  anterior  portion  is  com- 
paratively wide  and  is  luiown  as  the  pons  (Varolii);  the  posterior,  narrower  portion,  which  is 
separated  from  the  anterior  part  by  a  distinct  transverse  furrow,  h  the  medulla  oblomgala.  These 
structures  bdong  to  the  metencephalon  and  myencephalon  (see  pa<,^e  i2z,  ).  The  whole  brain  stem 
is  convex  on  its  ventral  surfarc,*  this  surface  forminp;  part  of  the  base  of  tlu'  brain,  l)uf  the  j)ons 
presents  a  medial  shallow  indentation,  the  Imsiiar  sulcus,  caused  by  the  subjacent  basilar  artery 
(see  page  36);  the  lateral  portions  of  the  pons,  however,  are  convex,  and  pass  laterally  and 
posterioriy  as  the  braehia  of  the  pons  into  the  substance  <rf  the  cerebdlom.  Distmct,  though 

*  Tbe  TCuml  mifue  «f  the  an»  lies  upon  llie  divtii,  end  therefore  looks  fonrard  and  dommrd.  It  fbniu 
iridi  the  horiMMtil  an  mi^  gf  aboiic  70  digrwi. 
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shallow  furrows  pass  in  an  arch-shaped  manner  over  the  broad  white  mass  of  the  pons,  which 
in  its  anterior  portion  borders  laterally  not  on  the  cerebellum,  but  on  the  temporal  lobes  of  the 
cerebrum,  which  diverge  behind  the  region  of  the  uncus. 

From  the  substance  of  the  pons  on  either  sMe  ol  the  anterior  part  <tf  the  braduum  the  fifth 
cerefaical  nerve,  the  tngmimtSt  has  its  origin  as  a  thidc,  flattened,  coarse  nen'e  trunk.  Further- 
more, from  the  transverse  furrow  separating  the  pons  and  the  medulla  the  ^ixth  <  i  rihral  nenes, 
the  ahduit-ns  tiirvf.s,  arise,  the  two  being  only  a  few  miUimetcrs  a]>arJ  and  dose  )o  the  middle 
Une.  The  fourth  cranial  nerve,  the  trochlear,  tiie  smallest  of  all,*  is  the  only  cerebral  nerve 
which  does  not  have  its  origin  at  the  base  of  the  brain.  It  arbes  from  the  dorsal  sur&oe  of  the 
rhombencephalic  isthmus  and  makes  its  appearance  on  the  base  of  the  brs^  in  the  fissure  between 
the  lateral  border  of  the  pons  and  the  mesial  surface  of  the  tLmporal  lohc  on  either  side. 

The  j>ons  is  succeeded  by  the  eluh-shajied  medulla  oUongata.  Its  upi>er  portion  adjoining 
the  pons  is  thickened,  while  the  lower  portion,  which  passes  over  into  the  spinal  cord,  is  much 
thinner.  On  the  whole,  the  basal  sui&ce  of  the  medulla  is  veiy  similar  to  that  of  the  cord,  espe- 
daHy  since  the  mtkrkr  mtdian  fissure  of  the  latter  h  continued  along  the  medulla.  On  either 
side  of  the  fissure  is  a  distinct  fasciculus,  the  pyramid,  and  at  the  junction  of  the  medulla  and  cord 
the  mefh'an  fi<^sure  is  interrupted  hy  a  rrossinc;  of  the  fibers  of  the  pyramids,  which  forms  the 
pyramidal  decussativn.  The  anterior  lateral  sulcus  of  the  cord  ul^u  is  continued  upon  the  medulla, 
separating  the  pyramid  iKaa  an  oval  enlargement  at  the  upper  part  the  medulla,  called  the 
tiive.  From  the  anterior  lateral  sulcus  arise  on  both  sides  hi  the  lower  portion  of  the  medulla  a 
few  anterior  root  fibers  of  the  first  cervical  ner\'es,  and  in  the  middle  and  upper  portion  the  root 
libers  of  the  twelfth  cerebral  or  hypoj^ln^^al  «mr.  Lateral  fo  the  j)rolont^ati()n  of  the  anterior 
lateral  sulcus  is  the  upward  continuation  of  the  lateral  funiculus  of  the  cord,  and  in  the  groove 
between  the  brachium  of  the  pons  and  upper  part  of  the  lateml  funiculus  the  seventh  and  eighth 
cerebral  nerves,  the  facui  and  auditory  nerves  respectivdy,  ar»e.  At  their  origin  they  lie  close 
together,  the  auditory  ncr\-e  being  thicker  and  softer  than  the  facial,  which  is  weaker  but  firmer. 
In  conjunction  \\  ith  l)oth  these  nerve?,  anotlu  r  delicate  ner\c,  the  nen'us  intfr medium,  ari=;es,  and 
later  on  unites  with  the  facial,  aUliough  at  first  it  is  closely  associated  with  the  auditory  nerve. 
A  little  below  the  origin  of  the  acusticofadal  nerves  a  closely  massed  group  of  nerve  fibers  arises 
from  the  lateral  fimiculus,  and  are  the  roots  of  the  ninth  and  tenth  cerebral  or  gUtssopharyngeal 
and  vagus  nerve-.  The  ele\'enth  cerebral  ncr\e,  the  spinal  accessory,  arises  not  only  from  the 
medulla,  but  partly  from  the  errs  iral  portion  of  the  (  ord,  and  runs  parallel  with  this  and  the 
medulla,  receiving  separate  root  libers  from  the  lateral  portion  of  the  medulla. 

On  either  side  of  the  medulla  oblongata  and  also  of  the  posterior  part  of  the  pons,  the  ccre- 
beihm  or,  at  least,  the  two  strongly  convex  cerebellar  hemispheres,  may  be  seen  toward  the 
posterior  portion  of  the  base  of  the  brain,  and  between  the  vagoglossopharyngeal  and  acustico- 
facial  roots  the  pcdunrulale^l  flnrcalus  is  interposed.  The  vascular  [  lexus  of  the  fourth  ventricle 
al<;o  romcs  into  x'ww  at  the  so-called  lateral  aperture  ol  the  fourth  vcntride  (near  to  the  vago- 
glossopharyngeal root).  The  cerebellum  overlaps  the  me<iulla  lo  a  considerable  extent  jx>s- 
terioriy,  so  that  its  middle  portion,  the  venMtr,  which  anterioriy  is  covered  by  the  medulla,  a]){)ears 

•  If  the  nermsintennedhisbe  repudedMM  indepeodent  mnt,  to  tint  there  are  in  all  tlitrtcen  pairs  of  cranial 
werttt,  tlm  it  ii  th«  WMllcat. 
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far  ft  small  distance  at  the  base  of  the  brain;  the  cerebeUum  does  not,  however,  occupy  all  of  the 

remaining  surface  of  the  base,  but  laterally  as  well  as  posteriorly  the  temporal  and  occipital 
lobes  of  the  cerebral  hemispheres  project  beyond  it.  The  most  posterior  point  of  each  cerebral 
hemisphere  is  the  occipital  pole. 

yam  or  a  mauM  acnoK  or  the  braw. 

The  best  idea  of  the  structure  of  the  human  tadn  can  be  obtained  by  a  study  of  a  median 
longitudinal  section  (Figs.  624  and  648).  Such  a  section  shows,  in  the  first  place,  the  kr^e 
development  of  the  cerebral  hemisphere,  in  comparison  with  which  all  other  portions  of  the 
bnun  seem  small.  Since  both  hemtspheres  are  united  pcactically  only  by  the  corpus  callosum, 
and  are  throughout  the  rest  of  their  medial  surface  separated  by  the  kogituduial  fissure,  the 
median  section  gives  a  comi^ete  view  of  the  mesial  surface  of  the  hemisphere,  while  the  dien- 
ccphalon.  mesencephalon,  and  rhombcnocfihalon,  as  well  as  the  corpus  callosum  of  the  cere- 
brum and  the  optic  portion  of  the  hypothalamus  of  the  telencephalon,  are  cut. 

The  ant^or  portion  id  the  section  n  again  occupied  by  the  frontal  lobes  of  the  cerebral 
bemfepheres,  widi  the  fnnial  peie  as  the  most  anterior  point  Above  the  corpus  callosum  is  the 
parietal  lobe  and  behind  it  the  occipital  lobe,  and  in  both  of  these  spedal  lobules  may  be  recog- 
nized, such  as  the  paracentral  lobule,  the  precuneus,  and  cuneii^  (see  page  T45I.  The  temporal 
lube  is  almost  wholly  concealed  by  the  brain  stem  and  cerebellum.  The  most  striking  feature 
of  the  section  h  die  corpus  callosum,  which  appears  in  aoss-«ection  as  a  rather  high,  pure  white, 
curved  mass,  whidt  fonns  a  transverse  fibrous  connection  between  Ae  two  hemispheres.  It 
presents  a  body  which  is  slightly  convex  upward  and,  in  addition,  a  slightly  enlarged  posterior 
extremity,  the  splcnium,  and  an  anterior  portion,  (he  genu.  From  the  genu  the  rnslrum  extends 
downward  and  jxjsteriorly  and  is  the  thixmcr  portion  of  the  callosum  which  is  continued  into  a 
very  thin  lamina,  the  lamkw  krmiaujis,  which  forms  the  anterior  wall  of  the  third  ventricle. 

A  median  section  of  the  brain  will,  naturally,  divide  all  unpaired  cavities,  such  as  the  third 
ventricle,  the  Sylvian  aqueduct,  and  the  fourth  ventricle  together  with  it^  continuation,  the  central 
canal  of  the  cord.*  On  examining  a  median  section  of  the  third  ventricle,  'm  peculiar  form, 
produced  by  its  ventral  ^directed  downward)  evaginations,  which  extend  into  the  hypothalamus, 
will  be  observed.  In  the  upper  portion  of  the  cleft-like  ventricle  the  lateral  wall  is  formed  by 
the  tkakmms,  the  main  portion  of  the  diencephaloo,  and  at  the  lower  border  of  the  surface 
of  tlic  \  cnlricular  surface  of  this  is  a  furrow,  the  hypothalamic  sulcus,  which  separates  the  thalamus 
from  llu-  hypothalamus.  The  portion  of  the  vcntriilc  Ijcloni^ing  to  the  hyjx)thalanMc  rc:i,'ion 
posscsaes  two  evaginations  directed  downward;  the  anterior  one,  known  as  the  optic  recess,  lies 
between  the  lamina  terminalis,  which  forms  the  anterior  boundary  of  this  part  of  the  ventricles, 
and  the-optic  ditasma,  which  lies  in  the  floar  of  the  ventricle;  the  postNior  diverticulum  is  con- 
ical in  shape  and  extends  from  the  tuber  cineram  (see  page  131)  into  the  injundihuhtm,  and 
\>,  therefore,  tcrrne*!  the  {njund'thdar  rereas.  These  portion?,  the  lamina  IcTminalis,  llir  o])tii: 
chiasma,  the  tuber  cinercum,  and  the  hypophysis  form  the  anterior  or  optic  portion  of  the  hypo- 
thalamus, and  lx;long  to  the  telencephalon. 

Qose  behind  the  upper  Ixmler  of  the  lamina  terminalis,  where  the  passes  over  into  the 

*  Tbe  civitj  of  the  ttptum  pelluddiim  (ice  pase  134)  ii  alio  espoied. 
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Fig.  624. — A  median  section  of  the  human  brain. 


rostrum,  is  the  while  circular  cross-section  of  the  anterior  commissure.  Furlhcrmore,  in  front 
of  the  lamina  tenainalis,  in  the  most  posterior  portiom  of  the  adjacent  frontal  lobe  of  the  cerelHiim, 
lies  a  portion  of  the  rhinencephakm,  nidimentaiy  in  nan,  known  as  the  partilactory  (Broai*s) 

area,  hounded  in  front  and  bchinrl  hy  the  anterior  and  posterior  parolfactory  suh  1  (Fig.  ^548). 

Behind  the  tuber  cinereum  the  mammillary  hyf)OthaIamus  with  the  corpus  mammillare 
will  be  seen,  these  parts  really  belonging  to  the  diencephalon,  and  behind  them  the  floor  of  the 
inteipeduncular  fosaa  with  the  posterior  perforated  substance  and  an  oUiqiie  section  of  the 
cend>ral  pedtmde  may  be  seen,  these  being  pam  <d  tike  mesencephalon. 

.  The  surface  of  the  thalamus  turned  toward  the  third  ventricle  is  almost  plane,  being  only 
moderately  ronravc;  only  a  small  round  area  of  it,  the  intermediale  moss,  is  cut  by  a  median  section, 
this  being  an  inconstant  fusion  of  opposite  thalamic  surfaces,  which  arc  only  separated  by  a 
short  interval  At  the  anterior  end  of  the  thalamus  the  itUervetttrictUar  ^amm  may  be  noticed, 
leading  from  the  thinl  ventricle  into  the  concspondiag  (left  or  ri^t)  lateral  ventride.  It  b 
situated  between  the  anterior  fwrtion  of  the  thalamus  and  the  column  0}  the  fornix,  which  also 
bounils  the  foramen  above.  The  part  of  the  fornix  which  ]>roiects  freely  toward  the  ventricle 
is  known  as  the  free  portion  of  the  column  of  the  fornix,  in  contrast  to  the  continuation  nuining 
in  the  substance  of  the  ventricular  wall  (sec  page  148).  Posterioriy  the  column  then  curves 
with  an  upward  convexity  into  the  h&dy  of  the  frntix,  which  lies  dose  to  the  ventntl  sui^ioe  of  the 
corpus  caltosum.  In  1  he-  region  of  the  genu  and  the  neighboring  portion  of  the  body  of  the  corpus 
rallosum,  however,  the  two  stmrttires  are  not  in  contact,  but  are  separated  by  two  thin  gray 
plates,  the  lomimt  oj  the  septum  pellucidum,  which  are  situated  immediately  on  cither  side  of 
the  median  line,  and  between  the  two  lamins  there  is  a  cavity,  the  cavUy  oj  the  septum  pellucidum, 
closed  above  and  anteriorly  by  the  corpus  callosum  and  having  no  connection  whatever  with 
the  ventricles,  since  it  is  formed  only  secondarily  by  the  development  of  the  corpus  caUosum. 

The  third  ventricle  is  one  nf  those  cerebral  (  avities  whose  original  roof-]ilatc  (see  pape  127) 
remains  in  an  embryonic  condition,  so  thai  the  roof  of  the  ventricle  is  formed  apparently  by  the 
I»a  mater  intnidmg  between  the  lower  surface  of  the  corpus  calksum  and  upper  sui&ce  of  the 
third  ventride.  The  space  betweoi  these  two  structiues  is  known  as  tiie  troHsverse  eerehrd 
fissure  and  the  double  lamina  of  pia  mater  lying  in  it  is  the  chorioidal  tda  of  the  third  ventricle. 
In  its  j>osterior  upfx-r  yx^rtion  the  third  ventricle  is  br>untlcd  1)V  a  formation  known  as  the  epithala- 
mus,  which  consists  of  the  pineal  body  or  epiphysis,  which  projects  backward  as  a  flattened  pear- 
shaped  body  over  the  quadrigeminal  lamina.  Into  its  stem,  the  so-called  habenula,  a  contmuation 
of  tiie  ventride,  the  ftHeal  recess,  extends,  and  bebw  the  recess  a  white  tract,  the  posterior  com- 
missure,  is  seen  in  section.  Bdow  this  is  the  entrance  of  the  cerebral  aqueduct,  the  cavity  of  the 
mesencephalon. 

Of  the  mesencephalon  there  can  be  seen  in  mttliun  section,  in  addition  to  the  cerebral  (Syl- 
vian) aqueduct,  first,  a  longitudinal  section  of  the  quadrigeminal  lamina,  which  represents  the 
dorsal  portion  of  the  mesencephalon,  and  second,  in  the  ventral  portion,  an  oblique  section  of 
the  cerebral  peduncle.  Below  this  is  the  foUvkr  perforated  siAstance  dt  the  kUerpeduncular 
fossa  with  the  emergii^  eadont^  nerve. 


Digitized  by  Google 


THE  NERVOUS  SYSTEM. 


Anotlier  very  sttildiig  appeuance  in  median  section  is  the  section  of  theiwrMw,  as  the  middle 
section  of  the  cerebellum  is  called.  The  picture  presented  by  this  in  section  is  known  as  the  arbor 
vita,  because  the  delicate  white  centra!  mass,  the  medullary  substance  of  the  vermis,  branches  in  a 
dendritic  manner,  and  each  of  its  branches  is  enclosed  by  a  narrow  zone  of  cortical  gray  sub- 
stance.'* The  vermis  then  beoonies  divided  into  a  large  number  of  separate  lobes,  which  bear 
special  names.  The  medullary  substance  seen  in  the  median  section  arises  from  a  thin  white 
plate,  coming  from  the  quadrigeminal  lamina.  This  is  the  anterior  meJuUary  velum  of  the  cere- 
bellum, which,  with  the  two  brai  hial  t  onjunc  tiva  between  whit  h  it. lic-^,  forms  rhombencephalic 
isthmus.  The  velum  is  the  actual  roof  oi  a  portion  ot  ilie  fourth  ventricle,  the  floor  of  this  cavity 
being  formed  by  the  dorsal  surface  of  the  pons  and  the  upper  portion  of  the  medulla  oblongata; 
on  account  of  its  shape  it  is  called  the  rhomboidiA  fossa.  Posterior  and  downward  the  fourth 
\'entricle  gradually  passes  o\  cr,  at  the  calamus  scriptorius,  into  the  central  canal  of  the  lower 
part  of  'he  mtHiulla  and  spinal  cord.  \  longifiulinal  section  of  the  pons  and  medulla  gives 
a  rather  complicated  picture  as  regards  the  arrangement  of  the  while  and  gray  substances. 
.Uthough  the  surface  of  the  brain-stem  is  of  white  substance,  yet  gray  nuclei,  the  nuclei  0} 
the  cer^<d  nmws,  occur  in  the  interior  and  espedally  in  the  surface  forming  the  floor  of  the 
fourth  ventricle,  and  it  is  only  in  the  lower  portion  of  the  medulla  that  the  gray  substance  com- 
pletely surrounds  the  central  canal  and  is  itself  surrounded  by  the  white  substance,  as  in  the  spinal 
coid. 

A  median  section  abo  shows  (hul  the  roof  of  the  fourili  ventricle  i:>  not  completely  formed 
by  nerve  tissue.  In  the  lower  half  ci  the  ventricle  the  cerehcUum  is  separated  from  the  ven- 
tricular cavity  by  an  epithelial  lamina,  which,  with  the  attached  pwtion  of  pia  mater,  is  known 

as  the  chorioid  tela  oj  the  jourth  vcnlridc;  it  t  lo>es  the  fourtli  ventricle  in  a  manner  cimilar  *^ 
method  in  which  the  chorioid  tela  cm  the  third  ventricle  doses  that  cavity. 


The  tdencepMUm  or  tad'krmn  (Figs.  625  to  647,  673,  674,  and  675)  consists  of  two  parts: 
an  unpaired  section,  the  opHc  portioH  0/  ike  kypothaiam$tSj  and  a  paired  one,  the  eerdr^  heuti- 

spheres.  The  hemispheres  include:  the  mantle  or  pallium,  the  rhinencephalon,  the  corpus  caUo^ 
sum,  the  jornix,  the  septum  pdlucidum,  anrl  the  larpe  panpHa  of  the  telencephalon,  nanuly,  the 
corpus  striatum,  the  claustrum,  and  the  lenticular  nucleus.  To  the  optic  portion  of  tlie  hypo- 
thalamus belong:  the  lamma  termituUis,  the  opiic  chiasmat  the  tuber  dnereum,  and  the  hypophysis 
with  the  ti^undibiihtm. 

TUB  PAIXIUM  OR  I8ANTLB. 

The  gray  c  ortex  as  a  whole,  together  with  the  subjacent  white  substance,  is  called  the  palb'um, 

and  its  most  noticeable  peculiarity  is  that  its  surface  is  marked  by  fold-like  convohitions,  the 
cerebral  gyri,  boundcti  In-  usually  wry  irregular  deep  furrows,  the  art-brcil  sulci:  -ome  of  (he 

•  The  gray  cortex  of  the  cerebeUum  even  niacrotcopioUly  (eapedaUy  in  brains  which  have  been  hardened  with 
chromic  ialla)  i»  dlvtilfek  into  im  iniier  darker  aone,  the  itratun  frantikimiii,  Md  «n  outer  l%1iter  one,  the  Mntum  dnermm. 


THE  CEREBRUM. 


The  prosencephalon, 
the  tblbnc8phal0n. 
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deeper  sulci  are  known  as  fissures.  Ctrtain  convolutions  which  lie  dccfjly  sc-atwl  and  cannot 
be  seen  on  the  surface  arc  ilu-  dct'(>  gyri,  and  the  smaller  ooes  connecting  the  main  gyri  or  two 
different  lobes  arc  termed  iransilton  gyri. 

The  entire  hemisphere  is  divided  mto  four  tobes,  the  frontal,  parietal,  occipital,  and  Imporal, 
to  which  another  portion,  tiie  insula  is  added. 

F2acli  hemisphere  is  a  mirror  image  of  tlic  otlier,  and  as  regards  the  details  of  development  or 
location  of  the  gyri  and  sulci,  the  two  usually  show  but  incon??iderablc  and  always  unim|X)rtant 
differences.  In  its  external  form  each  cerebral  hemisphere  is  elongated  and  rounded,  the  pos- 
terior and  anterior  ends  being  tapered,  but  louaded  off.  The  medid  surjace  (Fig.  632)  boimding 
the  longitiidiiial  fissure  is  flattened  and  almost  plane,  and  extends  down  to  the  superiw  surface 
of  the  cor])Us  callosum,  and  above  it  passes  over  by  a  rounded  border,  the  so-called  angle  of  the 
pallium,  into  the  upper  lateral  convex  surjace  of  the  hcmi'^])herc.  The  inferior  surjace  (Fig.  630) 
is  concave  in  ilie  region  of  the  frontal  lobe  and  convex  in  the  anterior  part  of  the  temporal  lobe, 
this  lobe  being,  however,  decidedly  concave  in  its  postoior  part  as  is  also  the  neighboring  part 
«rf  the  occipital  lobe.  The  latter  concavity  is  due  to  the  oerebdlum,  whidi  with  its  convex  stirface 
underlies  the  cerebrum  in  this  situation.  The  inferior  surface  also  presents  a  groove-like  depres- 
sion correspond  in  to  the  lesser  wing  of  the  sphenoid,  l>et\veen  the  frontal  and  temporal  lobes; 
this  is  ihf  Sylvian  or  lateral  cerebral  jossa  which  is  continued  upon  the  convex  sitrface  of  the  brain. 
In  general,  the  shape  of  the  anterior  portion  of  the  inferior  sutfoce  is  determined  by  the  form 
ol  the  Inner  surface  of  the  base  of  the  cranium,  upon  which  it  lies  and  upon  the  bones  of  which 
it  leaves  digital  impressions.* 

On  carh  rereljral  hemisphere  are  three  points  called  jxiles,  where  the  pallium  ha'^  it"^  greatest 
extension  in  a  given  direction.  The  most  anterior  ix>!nt  of  Uie  frontal  lobe  is  the  jronlal  pole,  the 
most  posterior  point  of  the  ocdpital  lobe  is  the  occipiud  pole,  and  the  most  external  point  of  the 
tempoial  lobe,  projecting  forward  and  downward,  is  the  tempore  pole. 

Those  fissures  of  the  Iwahi  which  appear  first  during  embryonic  development  (see  page  128) 
are  known  as  priman,'  fissures  and  are  throf  in  number:  i.  The  largest  of  all  the  cereljra!  fissures, 
the  Sylvian  or  lateral  jissure  (Figs.  625  and  626),  arises  from  the  lateral  cerebral  fossa,  passes 
upward  and  backward  on  the  convex  siuface  separating  the  temporal  from  the  frontal  and  parietal 
lobes.  2.  The  second  primary  fissure  is  that  of  Rolando  or  the  central  sidcms  (Fi^  696  and  627), 
which  extends  at  almost  a  ri^t  angle  from  the  pallial  angle  down  almost  to  the  lateral  cerebral 
fissure;  it  is  recjarded  as  the  fissure  separafinE;  the  frontal  and  parietal  lobes.  3.  The  third 
mainly  devcloixKi  on  the  maiial  surface  of  the  hemisphere  and  is  known  as  parieto-occipilal 
fisswre  (Fig.  632).  It  separates  the  occipital  and  parietal  lobes,  but  in  the  htunan  brain  it  extends 
upnt  the  convex  surface  but  a  short  distance  beyond  the  pallial  angle. 

The  other  fissures  are  much  narrower  and  in  addition  are  irregular  as  regards  their  develop- 
ment and  arranj^ement.  The  convolution-  al^^o  differ  in  development,  not  only  var^'inji  individ- 
ually in  number  or  size  (width),  but  also  {)resenting  certain  dehniic  mcxlirications  in  every  brain. 
Thus,  the  anterior  end  of  the  frontal  lobe  and  the  temporal  lobe  has  narrow,  generally  greatly 
curved  gyri,  separated  only  by  shallow  fissures,  while  in  the  parietal  and  temporal  lobes  and  in 

♦  The  ptintti  imprtsticn  is  a  •hallow,  cMlljr  obliterated  imprawioa  aa  the  Infericr  surface  of  tbe  hemiapbere  due 
to  tbe  wpcrior  analc  of  the  fiyratnid.  It  IndkatcsapiiraiiiBatdy  the  Ime  of  diviiioB  betiKMi  ocdpiial  and  tempoia]  lobes. 
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the  posterior  portion  of  the  frontal  \o\>e  the  sulci  are  much  deeper  and  the  gyri  usually  considerably 
broader.  It  has  already  been  mentioned  above  that  the  gyri  d  the  two  hemispheies  do  not 
correspond  in  i\iry  detaiL 

The  apparent  irregularity  in  the  arrangement  of  the  g\-ri  of  the  pallium  may  be  simplified  by 
nqglecting  all  smaller  and  accidental  ones  which  are  numerous  and  vary  greatly  hidivklually, 
and  the  remaining  more  constant  ones  nuty  be  grouped  acaxding  to  thdr  distribution  in  the 
various  lolxs  in  ihf  follo\vin<,'  manner: 

I.  The  Frontal  Lobe.^The  fronlul  lobe  (Fi^>.  625  10632)  is  the  anterior  part  of  the  hemi- 
sphere and  its  anterior  portion  forms  the  jrantal  pole.  Its  inferior  surface  rests  upon  the  orbital 
surface  of  the  ori)ital  portion  of  the  frontal  bene  and  is  slightly  concave;  its  mcasl  surface  is  flat, 
as  b  also  the  whole  mesial  surface  of  the  hemisphere,  and  its  dorsolateral  surface  is  convex.  Its 
anterior  part  is  free  on  all  sides  and  the  posterior  ]Kirt  borders  upon  the  lateral  cerebral  fossa  and 
the  anterior  portion  of  the  lateral  tercbral  fissure,  rosteriorly,  the  frontal  lobe  extmds  to  the 
central  li^surc  which  is  regarded  as  the  se{>aration  between  the  frontal  and  parietal  lobes.* 

As  regards  its  sulci  and  gyri,  the  frontal  lobe  shows  a  different  comUtion  on  its  infex^ 
surface  on  the  one  hand,  and  on  its  mesial  and  dorsolateral  surfaces  on  the  other.  Its  large 
main  f^'ri  arc  on  the  latter  two  surfaces  and  consist  of  three  sagittal  g>Ti,  termed  the  superior 
jrontal,  middh  jroulal,  and  injerior  Jrontal  p^'ri.  Tho<e  are  separated  by  two  corrc^jwnding 
fissures,  the  superior  jrontal  and  the  injerior  jrotUal  iulci  which  start  at  the  anterior  Ijorder  of  the 
anterior  central,  or  preoentral  sulcus,  so  that  only  from  diis  line  forward  axe  the  three  frontal 
gyri  recognizable. 

The  superior  jrontal  gyrus  (Fig!?.  625  to  63:;)  lies  partly  on  the  convex  but  also  largely  on 
the  mesial  surface  of  the  hemisphere,  and  a>  a  narrow  band  i\\c  gyrus  rectus  :  Kigs.  630  and  631), 
which  is  separated  from  the  orbital  g}'ri  by  the  olfactory  sulcus,  it  extends  to  the  inferior  concave 
sttjfaoe  of  the  lobe.  The  aniMfe  frentiA  gyrus  (Fig&.  625  to  628)  is  on  the  convex  surface  between 
the  superior  and  median  frontal  suld,  and  in  it  there  may  be  dfetinguishcd  an  upper  superior 
portion,  and  a  lower  injerior  portion  directed  toward  the  convex  surface  of  the  lobe.  The  injerior 
jrontal  t^yrus  (Figs.  625  and  626)  extends  from  the  inferior  frontal  sulcus  to  the  lateral  cerebral 
(Sylvian )  fissure  and  the  lateral  cerebral  fossa  and  to  the  lateral  free  surface  of  the  lobe,  where  it 
passes  over,  without  any  sharp  line  of  demarcation,  into  the  orbital  gyri.  It  lies,  therefore,  on  the 
lateral  convex  surface  of  the  lobe  and  presents  three  distinct  poations  separated  as  fidlows:  The 
lateral  cerebral  (Sylvian)  fissure  consists  of  an  almost  horizontal  posterior  ranmSf  and  an 
upwardly  directed  anterior  ramus,  and  this  latter  is  spht  in  a  fork  like  manner  into  an  anterior 
almost  borizonlal  limb,  the  anterior  horizontal  ramus^  and  a  posterior,  almost  vertical  branch, 

*  Ft  would  he  better  to  place  the  posterior  lioundary  of  the  frontal  IoIk-  at  the  prercniral  sulcus  for  the  follotviqg 
tfaoas:  I.  Tbe  thre«  tmaud  gjrri  esteod  only  to  this  aulcui.  3.  The  anterior  centriU  gyrvi,  lying  between  the  pre- 
r«alnl  and  omtnl  lukui,  it  doidy  eaanteted  with  thr  porteriof  ccotral  k>''^us,  l>-ing  behind  the  central  sukua,  not 

•ir.]\  in  fuTK  lion,  1>ut  topographicaJly  (in  the  rcgi'oti  nf  I'li-  nj.frcutum  and  p;ir.i'  nura]  LiKuli/l.  '><i  that  a  division  t^  Uvt-i  n 
the  iw»  iobes  along  the  line  of  the  central  aulcus  is  itnpossittlc.  ^  U  the  central  sulcus  be  token  a&  the  |>t><iiL-iiot 
tx>undar>-  of  the  frontal  lube  the  latter  Is  not  Only  very  loag  (ohI  die  parietal  lobe  correipoodingly  short),  but  it  extend? 
iar  bcyood  the  froolal  region  into  the  parietal  region.  Furthermore,  the  paracentral  lobule  then  belongs  partly  to  the 
fraata],  imd  ptrtly  the  parietal  lobe,  without  any  apparent  line  of  scparatior,  tHtrausc  the  central  fissure  does  not  ex- 
tend iMoiL 
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the  anterior  osunimg  ramus.  Both  these  branches  advance  into  the  substance  of  the  infenor 
frontal  g>'nis,  and  that  part  of  it  lying  in  the  fork  of  the  anterior  ratnn?;  of  the  lateral  fissure 
is  the  triangular  portion,  that  lying  in  front  of  the  anterior  horizontal  ramus  and  gradually 
passing  over  into  the  orbital  gyri  of  the  inferior  surface  of  the  lobe  is  the  orbital  portion,  and  the 
part  iN^ind  the  anterior  ascending  ramus  fonns  a  portion  of  the  so-called  opereuhm  and  is  called 
the  opmular  portion.* 

liy  the  operculum  fFig.  626)  is  meant  all  those  portion^  of  the  frontal,  parietal,  and  temporal 
convolutions  which  border  on  the  lateral  cerebral  fissure  and  cover  the  g}Ti  of  the  insula,  which 
lie  in  the  depth  of  the  fissure.  There  arc,  therefore,  distinguishable  a  frontal,  a  temporal,  and  a 
PariOal  portUm  of  the  opcrculum.t 

The  concave  inferior  surface  of  the  frontal  lobe  has  very  small  and  generally  very  irregularis 
arranj^ed  cnnvohifions  which  arc  colkctively  termed  orbital  gyri  (Fig^;.  6:'q  and  630).  They  arc 
the  continuation  of  the  inferior  portion  of  the  middle  frontal  gyrus  and  of  the  orbital  portion  of 
the  infenor  frontal  g>'rus.  Shallow  fiurows  separate  the  different  convolutions;  a  middle  fissure 
has  generally  the  form  of  an  H  (sulcus  cruciatus);  a  somewhat  deeper  one,  the  vljaetory  sidcus^ 
COntain>  the  olfactory  tract,  and  separates  the  gyrus  retina  (see  page  137)  from  the  orbital  gyri. 

The  wliole  nnsial  surface  of  the  frontal  lohi-,  however,  docs  not  belong  to  the  first  frontal 
<  onvohition,  hut  a  [H)rtion  lying  above  the  corpus  talk)sutn  belongs  to  the  gyrus  cinguli  (sec  page 
144),  and  a  smaller  portion  anterior  to  the  rostrum  belongs  to  the  rhinencephalon  (see  page  145). 
A  description  of  die  anterior  central  gyrus  will  be  given  in  connection  with  the  parietal  lobe. 

3.  Tht  Parietal  Lobe.— The  parietal  lobe  (Figs.  625  to  628,  631  and  632)  is  the  middle 
f)ortion  of  the  ccri  hral  hemisphere,  bordering  on  all  the  oilu  r  IoIks,  and  including  a  part  of  the 
convex  and  a  fiart  of  the  flattene<l  mesial  surface  of  the  In  niisjjhcrc.  Its  iKMindarits  are  rela- 
tively indistinct;  the  one  toward  the  frontal  lobe  is  the  caUral  itdcus,X  and  the  one  toward  the 
temporal  lobe,  the  posterior  ramus  of  the  ktier<i  eerdtral  fissure.  The  parietal  lobe,  however^ 
extends  beyond  the  posterior  end  of  this  fissure,  so  that  in  this  region  a  sharp  demarcation  of  the 
1nl)e  does  not  exi-^t.  The  same  holds  true  of  the  boundary  toward  the  occipital  lobes.  On  the 
mesial  siirfai  e  of  the  hemisphere,  the  parieto-occipilal  fissure  fFig-^.  631  and  632)  forms  a  sharp 
limit,  but  this  primary  fissure  extends  beyond  the  angle  of  llie  jiallium  only  to  a  somewhat  variable, 
but  always  short,  distance  upon  the  convex  surface,  so  that  upon  that  surface  a  sharp  boundary 
Ime  cannot  be  drawn  between  the  occipital  and  parietal  lobes. 

The  most  important  fissure  in  the  parietal  region  is  the  central  sulcus  (fissure  oj  Rolando), 
whose  course  has  alreatly  been  described  above.  It  separates  two  parallel,  u>ually  will  f!e\'elopcd 
and  broiul  convolutions.  In  front  of  the  central  sulcus  lies  the  anterior  central  gyrus,  which, 
according  to  the  usual  interpretation,  belongs  10  the  frontal  lobe,  and  behind  this  is  the  po^erior 
tetUrei  gyrus.  The  anterior  central  gyrus  is  separated  by  the  preeeutrid  sutcus,  which  in  portums 

•  The  opercttUr  portion  ot  the  left  inferior  frontal  gyrui  mnuiiui  the  motor  cortteal  center  for  speech  (Broot's 
centrr). 

t  Another  and  preferable  nomenclature  regards  the  operculum  as  the  porcion  of  the  cerebral  hemisphere  lying 
between  the  anterior  and  posterior  rami  of  the  lateral  fissure.  The  operculum  would  then  roiubl  of  a  frontal  portion 
(the  operciikr  portkm  of  the  ioferiar  frontal  (ynis)  and  a  parietal  portioa.  but  would  include  no  temtwral  portion. 

t  If  the  aatcrior  centnl  gjrma  he  Mrfgned  to  tbe  parietal  lobe,  then  the  posterior  boundary  of  that  lobe  wilt  be  the 
pfvctntral  sukuf. 
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of  its  cmirsf  is  inromjjlck-,  from  the  three  frontal  convolutions  and,  thtrcforc,  from  the  real  frontal 
lol>c;  the  posterior  een'rn!  ;:'^TlI■^  has  for  its  posterior  boundary  a  somewhat  trans\ers<-ly  direciexl 
anterior  portion  of  the  itucr par ietal  sulcus  (sec  bclowj.  At  their  lower  ends,  below  the  lower 
extremity  of  the  central  sulcus,  both  central  gyri  ace  united,  and  in  this  region  ju«t  above  the 
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Fkcs.  627  and  6sS. — The  fisstues  and  convolutiaas  of  the  cerebral  cortex  as  wen  fiom  above  (the 

convex  surface  of  the  cerebral  hemisphere). 

lateral  cerebral  (Sylvian)  fissure  they  form  a  part  of  the  operculum  (sec  page  139).  Thq?  behave 
siniilaily  on  the  mesial  surface  of  the  hemisphere,  where  they  coalesce  to  form  the  foracentral 

hbule  (!-ee  page  145). 

In  addition  to  the  two  c^tral  gyri  the  parietal  lobe  contains  only  convoluticws  of  a  sub- 
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Qtdinate  onler,  whose  devdopanent  and  amngviiieiit  is  very  variable.  The  mam  fissure  of  the 

lobe — the  central  fissure  being  excepted— is  the  inlerparietal  sulats  which  determines  the  ar- 
rangement of  the  remaining  g^Ti.  This  runs  from  the  posterior  surface  of  the  posterior  central 
gyrus,  obliquely,  medially  and  posteriorly,  over  the  |>arieial  lobe  toward  the  occipital  lobe,  and 
if  vdl  devdoped,  its  posterior  end  extends  to  the  kratuverse  tceipiuU  sidauct  the  occipital  lobe. 
Its  anterior  end  possesses  a  more  or  less  distinctly  developed  cross  fissure,  whidi  serves  as  the 
posterior  boundar>'  of  the  posterior  central  g>'rus. 

By  the  intcr]mrietal  sulcus  that  portion  of  the  convex  surface  of  the  parietal  lobe  which 
lies  behind  the  central  gyri  is  divided  into  two  lobules.  Above  and  medial  to  the  ILssure  is  the 
MpeHof  paridal  lobukt  tad  faebvr  and  faUerally  the  injerior  parietal  MmU^  each  consisting  of  a 
number  of  smaller,  for  the  most  pert  irregularly  ananged,  convdutions,  of  which  two  in  the 
inferior  parietal  lobule  have  special  names,  namely,  first,  the  iuffamarginal  gyrus,  which 
archp"^  around  the  jostcrior  end  of  t!ic  late  ral  (Sylvian)  fissure;  and  sccondl)',  tlu-  anguUir  gyrus 
which  surrounds  in  a  similar  manner  the  {>osterior  end  of  the  superior  temporal  sulcus.  Both 
these  gyri,  and  especially  the  supramarginal,  arc  ver}'  vai^ble  in  their  dcvdopment. 

For  the  medial  surface  of  the  parietal  lobe  and  the  paracentral  lobule  see  page  145. 

3.  The  Occipital  Lobe.— The  occipital  lobe  (Figs.  6*5  to  632)  is  the  smallest  of  the 
four  lobes  of  the  hemisphere.  Its  form  is  that  of  a  low,  three-sided  p\Tamid  u  ith  rounded  apex, 
the  latter  being  formed  by  the  occipitai  pole.  The  base  of  the  pjTamid  is  the  plane  of  imion 
with  the  two  neighboring  lobes  (temporal  and  parietal),  and  of  Uie  other  tlirce  surfaces,  one  is 
convex  and  represents  the  principal  surface  of  the  lobe,  which  forms  a  part  of  the  convex  surface 
of  the  hemisphm;  the  second  is  fiat  and  forms  a  part  of  the  medial  surface  of  the  hemisphere ; 
and  the  thirf]  ts  concave  and  rests  ni>on  the  eerelH'Ilum,  or  rather  on  the  tentorium  cerehelli, 
which  here  separates  cerebrum  from  cerebellum  (see  page  1S9).  The  scj>aration  of  the  occipital 
from  the  two  neighboring  lobes  is  incomplete.  It  is  so  closely  imited  with  the  temporal  lobe 
that  at  the  best  only  the  pe6ros4d  imfressum  can  be  taken  as  boundary  line  between  the  two  (see 
page  136,  footnote),  and  from  the  parietal  lol)e  it  is  separated  only  on  its  mesial  surface  and  in 
the  portion  of  its  convex  surface  lying  lateral  to  the  anj^e  of  the  pallium  by  the  pvieto-ocdpUal 
fissure  (see  page  145). 

Except  on  the  medial  surface,  which  will  be  described  later,  the  occipital  lobe  has  only  very 
small,  unimportant,  and  uidividually  vexy  variable  convolutions.  Those  on  its  convex  surface 

arc  collectively  known  as  the  superior  and  laierai  ecci^iUd  gyri^  the  only  large  and  fairiy  constant 
fissure  found  u{)on  this  surface  being  the  almost  transverse,  but  usually  short,  tmnsvetw OCCifUtA 
StUcus,  which  somt  titnes  unites  with  the  [>o<!erior  end  of  the  interparietal  sulcus. 

The  concave  inferior  surface  of  the  occipital  lobe  does  not  possess  independent  gyri,  the 
suld  and  gyri  oS  the  cofresponding  temporal  surface  bebg  continued  upon  it. 

4.  The  Temporal  Loba. — The  temporal  lobe  (Figs.  625, 626  and  629  to  632)  has  an  elongated, 
somewhat  cylindrical  form.  It  forms  the  lower  anterior  portion  of  the  lienu'-])liere  and  is  the 
only  one  of  the  four  lobes  which  does  not  come  into  relnfion  with  (he  lonuniiuh'nal  tls'^urc.  It 
is  closely  united  to  the  occipital  lobe,  into  which  it  gradually  passes  posteriorly,  and  while  it  is 
largely  separated  from  the  parietal  lobe  by  the  posterior  ramus  of  the  lateral  cerebral  fissure, 
it  is  also  closely  connected  with  it  throuj^  the  lateral  gyri  of  the  inferior  parietal  lobes  (the  supra- 
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marginal  and  angular  gfri).  01  the  surfaces  apjjcaring  on  the  hemisphere,  one  is  convex  and 
forms  the  lower  anterior  portion  of  convex  cerebral  -urfacc.  the  second  and  principal  surface 
is  inferior  and  is  concave  posteriorly  because  of  the  cerebellum  (see  page  136)  but  convex 


Occipital  lobe 

Fics.  629  and  630. — The  fimiTcs  and  convolutions  of  the  cerebral  cortex  as  seen  bam  bdov. 

Tbe  brtkin-Mem  and  cerebellum  have  been  removed. 

anteriorly,  and  the  third  incompletely  developed  surface  lies  along  the  lateral  cerebral  (Sylvian) 
fissure  and  in  the  intact  ceFebrum  cannot  he  seen  upon  the  outer  surface. 

The  main  portion  of  the  temporal  lobe  is  divided  into  sagittal  longitudinal  gyri  by  distinct* 
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longitudinal  fissure?.  These  are  in  the  first  place  the  three  temporal  sulci,  superior,  middle, 
and  in'icrior,  which,  together  with  the  posterior  ramus  of  the  lateral  cerebral  fissure,  form  the 
boundaries  of  three  sagittal  temporal  gyri  which  generally  arc  well  developed  and  quite  broad. 
The  superior  temferat  gyms  (Ftgs*  6a5  and  626)  lies  between  the  posterior  ramus  of  the  lateral 
cerebral  fissure  and  the  superior  temporal  sulcus;  its  most  anterior  point,  uniting  with  the  middle 
convolution,  form=i  the  temporal  pole.  The  middle  temporal  gyrus  (Figs.  62  5  and  (]:(V\  lies  between 
the  suj)erior  and  middle  temporal  fjulci  and  is  connected  with  the  su]>iri()r  one  ixjsteriorly  by 
the  angular  gyrus  (see  page  141).  The  superior  and  middle  temporal  gyri  lie  upon  the  lateral, 
inferior  pcwtion  of  the  convex  surface  oi  the  hemisphere,  but  the  inferior  temporol  gyrus  (Figs. 
625,  626  and  629  to  632)  occupies  the  rounded  border  between  the  convex  lateral  surface  and 
the  concave  inferior  surfa<^e  of  the  tcmi)oral  lol>e.  It  lies  between  middle  and  inferior  temporal 
sulci,  the  latter  separating  it  from  the  fusiform  tr-'nis. 

On  the  concave  inferior  surface  of  the  cerebral  hemisphere,  on  which  temjx)ral  and  occipital 
lobes  pass  into  each  other  without  any  fine  of  demarcation,  a  very  long  sai^ttal  fissare  is  found 
which  runs  almost  parallel  to  the  inferior  temporal  sulcus  and  extends  as  the  cottaieral  fissure 
(Fig.  into  the  region  of  the  concave  occipital  surface,  which  in  this  region  is  not  sliarply 
divided  from  the  temporal  lobe.  It  corresponds  to  the  collateral  eminence  of  the  lateral  ven- 
tricle (see  page  152),  and  together  with  the  inferior  temporal  sulcus  bounds  a  spindle-shaped 
convolution,  the  Jusijorm  gyrus^  which,  like  the  collateral  fissure,  extends  into  the  occipital  16be. 
Medial  to  the  oollatcnl  fissure  is  the  medial  marginal  portion  of  Que  lobe,  which  in  its  anterior 
portion  is  known  as  the  gyrus  hippocampus  (see  below),  and  in  its  posterior  portion  as  the  gyrus 
lingtiaiis  fFig.  6;^o).  The  latter  extends  into  the  region  of  the  orripital  \o\yp  and  is  limited  medially 
by  the  calcarinc  i\.ssurc  (sec  below),  thus  lying  between  the  collateral  and  calcarinc  fissures. 
Anteriorly  it  generally  blends  with  the  isthmus  of  the  gyrus  fomicatus.  The  anterior  extremity 
of  the  hippocampal  gyrus  is  curved  in  a  hook-like  manner  and  can  be  seen  on  the  base  of  the 
brain  (page  130)  as  a  [)romincnce  known  as  the  unrus.  The  nudial  ]>otmdary  of  the  hippo- 
cam  p>al  gjnrus  is  the  hippocampal  fissure,  whose  relation  to  the  hippocampus  will  be  discussed 
below. 

The  surface  of  the  temporal  lobe  bordering  deeply  on  the  lateral  cerebral  (Sylvian)  fissure 
also  possesses  a  few  small  convolutions  and  fissures.  Th^  run  transversely  from  the  re^on 

of  the  superior  temporal  convolution  to  the  insula  (see  below)  and,  like  the  g\'ri  of  this,  can  be 
seen  only  when  the  borders  of  the  Sylvian  fissure  are  pressed  apart.  They  are  known  as  the 
transverse  temporal  sulci  and  gyri  and  arc  two,  or  at  most  three,  small  conxolutions. 

5.  Tlia  Medial  Surfaea  of  fha  Hemiapbere.— -In  the  formation  of  the  flattened  medid 
surface  (Fiffi.  631  and  632)  which  bounds  the  longitudinal  fissure,  the  frontal,  parietal,  and 
occipital  lobes  all  take  part.  There  are,  however,  a  number  of  fmroations  upon  this  surface 
of  the  hcmi-]ihere  v.hich  re^iiiire  a  separate  description. 

In  the  tirst  place  there  is  a  fissure  just  above  the  corjjus  callosum,  which  separates  the  gray 
pallium  from  the  while  substance  of  the  corpus  callosum,  and  is  termed  thesulcusof  the  corpus  cat- 
tosutu.  It  extends  fronn  the  genu  to  the  splenium  and  is  conthiued  on  the  concave  inferkkr  surface 
of  the  temporal  lobe  as  the  hipixxrampal  fissure  (see  above).  Parallel  to  this  nrch-like  sulcus, 
a  second  one,  the  sukus  ctHguii,  also  encircles  the  callosum  at  some  distance,  and,  with  the  sulcus 
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of  the  corpus  callosum,  bounds  a  usually  very  btoad  and  distinct  convolutioii,  the  gyrus  cinguli, 

which  lies  immediately  abo\  c  ihr  coq)us  callosum.    It  is  the  anterior  portion  of  a  long  aich-like 

convolution  which  extends  along  the  medial  border  of  the  jiallium  and  is  knowTi  a?  the  gyrus 
jornicalus.  The  anterior  and  superior  jx)rlion  of  this  is  the  gym?  cingiili  and  the  lower  ajid  pos- 
terior iX)rtion  the  gyrus  hippocampus  mentioned  above,  the  two  being  miiicti  behind  and  below 
the  ^enium  of  the  corpus  callosum  by  a  narrow  strip,  the  istimm  oj  the  gyrus  jornicalus. 

The  sulcus  cingult,  which  on  the  one  hand  forms,  together  with  the  sulcus  of  the  corpus 
callosum,  the  Iwundary  of  the  g}Tus  cinguli,  on  thi'  other  separates  it  from  the  portion  of  the 
superior  frontal  gyrus  lying  on  the  medial  siu'face  of  the  hemisphere.   This  anterior  portion  ol 


Fioa.  631  and  63a. — ^Thc  fissures  and  convolutions  of  the  cerebral  cortex  (mesial  surface). 
The  brain  has  been  bisected  in  ihc  lunikn  plane  iuid  ibc  ccrcljcJlum  and  bnin^tcm  rtmovtd  by  a  section 
pusiqf  ofcluiuely  dwou^  the  optic  thalamus. 


the  ^ulcus  cinguli  is  called  the  subjrotUai  portion,  and  the  posterior  portion  is  termed  the  marginal 
portion,  because  it  here  ises  above  the  posteriw  section  of  the  body  of  the  corpus  calksum  toward 
the  angle  of  the  pallium.  Consequently,  the  posterior  portion  of  the  gyrus  cinguli  is  no  longer 
bounded  above  by  the  sulcus  cinguli,  but  by  a  usually  rather  poorly  developed  fissure,  variable 
in  shape,  which  is  termed  the  subpafieial  sukus  and  continues  the  direction  of  the  sulcus 
cinguli. 

By  the  marginal  portion  of  the  sulcus  cinguli  ascending  to  the  angle  of  the  pallium  and  by 
the  m^ial  part  of  the  precentral  sukus,  which,  if  well  devdoped,  may  extend  to  the  sulcus  cinguli. 
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A  special  lobuk,  caUed  the  paracaUnd  ktule,  »  bounded.  It  suttounds  the  inedial  (upper)  ends 
oC  Obc  two  central  gyri,  which  unite  in  this  region,  for  although  the  central  sulcus  wludi  separates 

them  generally  extmls  beyond  the  angle  of  the  pallium,  it  does  not  reach  the  sulcus  dnguli 

Behind  the  paracentral  lobule  on  the  medial  surface  of  the  hemisphere  is  a  quadrangular 
area  known  as  the  precuneus.  Its  anterior  boimdary  is  the  marginal  portion  of  the  sulcus  cinguli, 
its  posterior  the  parieto-ocdpital  fissure,  its  superior  the  angle  of  the  pallium,  and  its  inferior 
the  subparietal  sulcus. 

The  parklo-occipital  fissure,  which  on  the  medial  surface  forms  a  sharp  boundary  for  the 
occipital  and  parietal  lobes,  unites  in  a  right  or  acute  angle  behind  the  splenium  of  the  corpus 
callosum  and  in  the  region  of  the  isthmus  of  the  gyrus  fomicatus  with  the  calcarine  fissure  which 
courses  horizootally  toward  the  occipital  pole.  This  fissure  corresponds  to  the  calcar  avis  of 
the  posterior  comu  of  the  lateral  vcntride  (see  page  151).  The  parieto-oodldtal  and  calcarine 
fissures  bound  a  triangular  space  on  the  medial  surface  of  the  occipital  lobe,  called  the  cuneus; 
and  just  below  it,  and  separated  from  it  by  the  calcarine  fissure,  is  the  gyrus  lingualis  (see  page 
143)- 

The  Insula  (Island  of  Reil).— The  insula  island  of  Reil)  (Figs.  633,  635,  645,  and  674)  is 
a  peculiar  group  of  convolutions.  It  is  situated  in  the  depth  of  the  lateral  (Sylvian)  fissure  (see 

page  139)  and  i^,  therefore,  in  ihc  Inta(  i  brain,  only  visible  when  the  bwdcrs  of  the  fissure  are 
widely  separatid.  The  convolutions  of  the  insula  rest  directly  on  (he  large  basal  ganglia  of  the 
cerebral  hemisphere,  being  separated  from  the  lenticular  nucleus  only  by  the  neighboring  claus- 
txum  and  the  external  capsule  (sec  page  153);  they  are  covered  by  the  operculum  (sec  page  139}. 

The  insula  is  separated  from  the  ndf^lmiDg  gyri  <rf  the  operculum  in  front,  above,  and 
behind,  by  a  semicircular  fissure,  the  circular  sulcus  (sulcus  of  Reil),  while  its  gyri  are  separated 
from  the  anterior  perforated  substance  by  a  band-like  elevation,  the  Jimi  u  hisuhv.  The  central 
sulcus  oj  tlie  insula  runs  obliquely  from  jKisteriorly  and  above  to  anteriorly  and  below,  and  sepa- 
rates the  insula  into  an  anterior  and  a  posterior  portion.  The  anterior  portion  contains  generally 
three  short  gyri,  whkh  Uend  below  in  the  pole  <rf  the  insula  located  near  the  limen  insuhe;  the 
posterior  section  is  formed  by  the  I<mg  gyrus  of  the  insula,  which  is  usually  divided  in  its  upper 
portion  and  coalesces  with  the  neighboring  gyri  of  the  temporal  and  parietal  lobes. 


THB  RMtrantCBPHAtON. 

To  the  rMtmiuphdUm  (Figs.  623,  624,  647,  and  648)  belongs  the  otfaetory  lobe,  which  is 
rudimentary  in  man,  and  extends  along  the  inferior  surface  of  the  frontal  lobe.  It  consists  of 
the  oljactory  bulh,  the  oljactory  trad,  ami  the  olfactory  trigone,  furthermore,  the  oljactary  stria 
{medial,  itUermediate  and  iaierai),  the  anterior  perjorated  substance,  the  parol jactory  area  (Broca's 
area)  and  the  subcallosal  gyrus  are  included  in  tlw  rfainencephalon. 

The  olfactory  btM  (Figs.  624  and  648)  is  an  dongated,  flattened,  light  gray  body,  fnm 
which  the  olfactory  nerve??  emerge.  T(  lies  u{X)n  the  cribriform  jilate  of  the  ethmoid  and  occufjifs 
the  anterior  end  of  the  olfactory  sulcus  of  the  frontal  lobe.  Posteriorly,  it  is  continued  into  the 
whitish  oljactory  tract,  which  lies  in  the  olfactorj'  sulcus,  as  a  cord  flattened  below  and  slightly 
pointed  above,  and  which  posterioriy  becomes  the  triangubu-  enlaisement  known  as  the  olfactory 

ni— la 
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Fic.  633.— The  cerebral  cortex  as  seen  from  the  right  side. 
The  cooTslutkini  of  the  insula  hnt  been  expoacd  bf  removing  tbe  anAymg  portions  ol  the  frantsl,  fwrletAt,  tni 
leinpflnl  lobes. 

Fig.  634. — The  entire  length  of  the  fornix  exposed  in  its  natural  position. 
The  brain  has  been  bfaected  ta  the  median  plane  and  the  brdn-stem  and  cerebeUujn  removed  by  an  obUqiie  sccdon 

through  the  thalamus.  Fnough  of  the  hippocamp.il  g>Tus  has  been  removed  to  show  the  fimhria  and  dentate  fascia: 
the  covered  portion  of  the  column  uf  the  fornix  and  the  ihalamo-inammiilary  fasciculus  have  been  czpoKd  by  diuection. 
The  spceimeii  is  vieixcd  fnMi  bdow  iMid  from  iIk  Inner  aide. 


trigone,*  This  l!es  on  the  anterior  border  of  the  anterior  perfonted  substance  akog  ^  lower 

surface  of  the  jjeduncular  portion  of  the  cerebral  henusphere  (see  page  1 54). 

From  the  posterior  end  of  the  olfactory  tract,  that  is  to  say,  from  the  olfactory  trigone,  three 
white  bands  called  oijaciory  strut  (Fig.  648),  jMiss  out.  The  middle  band  is  very  short  and  not 
always  well  developed;  it  is  called  the  intermediate  oljadory  sUria  and  sinks  inunediately  into 
the  anterior  perfonted  substance.  The  lakrtd  stria  b  the  longest  and  runs  akmg  the  border 
of  the  anterior  perforated  substance  to  tin-  limen  insula,  ^th  which  it  blcnds.f  The  medial 
stria  curves  upward  upon  the  nudial  surface  of  the  hemisphere  where  it  tenninates  in  the  parol- 
factor}'  area. 

The  pardjactory  or  Brood's  area  (Figs.  632  and  648)  is  a  small  gyrus  lying  in  front  of  the 
rostral  plate  of  the  corpus  callostun,  and  b  separated  from  the  subcallosal  gyrus  by  the  foslmor 
pant^wtery  sukuSf  and  from  the  superior  frontal  gyrus  by  the  anterior  pariilfacUtry  snlau.  The 

latter  i'^  usually  very  deep  and  well  dfN'clojxxi  and  has  an  almost  horizontal  course. 

The  subcallosal  syrus  is  a  narrow  convolution  lying  between  the  shallow  posterior  parol- 
factory sulcus  and  the  rostrum  of  the  corpus  callosum;  on  account  of  its  relative  position  to  the  , 
latter  it  was  formerly  designated  the  peduncle  of  the  corpus  callosum.  Its  surfsce  is  of  a  whitisli 
gray  color,  without  the  reddish  tinge  which  distinguishes  the  other  cerebral  convolutions,  and 
generally  it  passes  over  into  the  anlcrinr  perforated  substance  without  any  distinct  boundary. 
The  perforated  substance  owes  it?  ]>eculiar  ajipearance  to  the  i>orcs  ])roduccd  by  the  penetrating 
vessels;  it  lies  at  the  base  of  llic  brain  between  the  olfactory  trigone,  the  optic  tract,  and  the  1 

limen  insulae.  ! 

Thb  corpus  ouxostm.  | 

The  corfnts  callosum  (Figs.  624,  632,  634,  635,  646,  and  648)  is  a  large  impaired  medullary  | 

mass.t  which  unites  the  two  hemispheres  as  a  commissure  (the  great  cerebral  commissure).    It  ' 

consists  of  transverse  fibers,  arranged  in  btmdlcs  and  indicated  on  the  surface  of  the  corpus  callo-  , 

sum  as  the  transverse  striit.  The  corpus  callosum  lies  at  the  bottom  of  tbe  longitudinal  ceiebnl  | 

figure,  of  which  it  forms  the  floor,  and  its  main  portion  is  m  an  almost  horiaontal  podtion.  Its 

suj^rior  surface  may  Ix;  seen  at  the  bottom  of  the  longitudinal  cerebral  fissure,  while  its  inferior 

stirface  has  attached  to  it  anteriorly  the  septum  pcllucidum  and  posteriorly  the  fornix,  and  its  j 

*  The  upper  surface  of  tbe  trigone,  directed  toward  tbe  bottom  of  the  olfactory  sulcus,  has  a  small  enlargement, 
the  olfactoiy  tubercle.  ' 
f  Thr  lim.  n  insulx  <!o<  s  not  l>.-lnTig  to  the  Insula,  hilt  to  the  ihinencephalon.  It  form*  with  the  lateral  oUmctory 

stria  the  s*>-tallct]  literal  ollatiory  g>TUs. 

t  The  larger  masses  of  while  suhstiim  c  in  the  central  nervous  system  are  called  xncduDirjr  tlWMe%  beCMMK  the 
ncne  filxrs  of  which  thcj  m  oonnpoted  are  mcdullalcd,  whence  the  wliiie  color. 
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body  forms  a  part  of  the  roof  of  the  lateral  ventricle.  In  the  corpus  cailosum  there  may  be  dis- 
tinyiished  a  thkk  horimntal  main  portion,  consisting  of  genu,  body  and  splcnium,  and  a  much 
thinner  vertical  portion,  the  rostrum  and  rostral  lamina.  The  surface  of  the  tliick  main  poAion 

is  tuA  quite  level,  but  is  convex  in  the  sagittal  direction  and  consists  primarily  of  the  middle 
portion,  the  body,  which  po«;tcriorly  passes  into  a  thickened,  rounded  extremity,  the  splenium. 
This,  on  account  of  the  curvature  of  the  corpus  cailosum,  lies  more  deeply  seated  than  the  body, 
which  has  its  greatest  tludmeas  in  the  middle  of  its  length.  Simiiariy,  but  more  distinctly,  the 
body  bends  downward  antenwiy  to  form  the  genu,  the  most  anterior  point  of  the  whole  structure. 

The  widdi  of  the  surface  of  the  corpus  cailosum  is  somewhat  greater  than  that  of  the  longi- 
tudinal cerebral  fis-iure  in  the  rej^ion  of  the  sulcus  of  the  corpus  cailosum,  which  separates  the 
gyrus  cinguli  from  the  surface  of  the  cailosum.  At  the  bottom  of  this  fissure,  the  surface  of  the 
corpus  becomes  continiiouB  with  the  paUiunL  The  greatest  width  is  at  the  spkidum,  whidi 
is  the  only  part  of  the  corpus  cailosum  whose  lower  surface  »  not  united  with  other  formations 
of  the  cerebrum,  but,  lying  over  the  corpora  quadrigcmina,  it  forms  the  roof  of  the  transverse 
cerebral  fissure.    Its  most  posterior  point  looks  toward  the  superior  vermis  of  the  cerebellum. 

The  surface  of  the  portion  of  the  cailosum  lying  in  the  depth  of  the  longitudinal  fissure  in 
addition  to  the  transverse  striK,  also  presents  longitudinal  ones  which  are  thidcenings  of  a  thin 
layer  of  gray  substance  resting  on  the  superior  surface  of  the  corpus  cailosum.  Two  medki  ht^- 
iudinal  strUr  lie  parallel  close  to  the  median  line,  that  is  to  say,  at  the  bottom  of  the  longitudinal 
fissure,  while  the  lateral  longitudinal  strift  (striae  tcctze)  arc  covered  on  either  side  by  the  wyrus 
cinguli  and  are  connected  with  its  gray  matter.  Toward  the  posterior  region  of  the  cailosum 
there  arises  from  each  lateral  stria  a  more  distinct  band-Iilce  structure,  the  fascioh  citurea,  which 
terminates  below  the  genu  in  the  dentate  fascia  of  the  hippocampus,  wlule  the  striae  pass  anteriorly 
into  the  subcallosal  gyrus. 

Decidedly  difTcrcnt  from  this  [)Ortion  is  the  much  thinner  vertical  part  lying  IkIow  the  genu. 
Immediately  below  the  genu  the  corpus  cailosum  begins  to  diminish  rapidly  in  size,  so  that  it 
presents  an  anteriorly  free  surface  markedly  concave.  The  portion  whose  posterior  convex  sur- 
face has  united  with  it  the  septum  pdlucidum  is  called  the  rogintm.  Very  gradually  it  becomes 
a  thin  plate,  the  rostral  lamina,  situated  in  front  of  the  anterior  commissure  and  extending  down 
to  the  lamina  tcrminalis  and  laterally  to  the  anterior  perforated  substance,  eventually  passing 
over  into  the  subcallosal  gyrus. 

The  transverse  fibers  which  compose  the  corpus  cailosum,  after  their  entrance  into  the 
substance  of  the  hemisphoe,  radiate  to  all  parts  of  the  pallium  and  form  a  considerable  portion 
of  the  great  medullar)'  mass  of  the  cerebral  hemisphere,  the  semi-Oval  center.  The  whole  mass 
of  radiation-^  is  known  as  the  radiation  o'j  Ihr  corpus  cailosum,  and  a  distinction  is  made  between 
its  anterior  or  jronlal  portion,  uniting  the  two  frontal  lobe?,  its  middle  or  parietal  portion,  passinj^ 
from  parietal  to  parietal  lobe,  and  its  posterior  or  occipital  and  inferior  or  temporal  portions. 
The  two  latter  are  the  longest  paths;  they  form  a  large  concave  radiation  from  the  splcnium, 
passing  posteriorly  and  inferiorly  and  forming  the  so-called  major  or  posterior  forceps,  wliile 
the  anterior  portion,  concave  anteriorly,  is  called  the  minor  or  anterior  forceps  'see  page  178). 

That  part  of  the  posterior  callosal  radiation  which  forms  the  xooi  of  the  posterior  and  espe- 
cially of  the  inferior  comu  of  the  lateral  ventricle,  is  especially  designated  by  the  name  iapetum. 
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Etc.  635. — The  sajK-rior  aspect  of  the  coqjus  oiilosum. 

The  ceribr.il  lit'ii  isphmt  have  taccD  iconved  at  the  level  of  die  ocBlnim  eetukmele,  «nd  the  tnnds  Iim  been  t% 
poeed  upon  the  right  sidtr. 

FlC.  636.— The  superior  aspect  of  both  lateral  ventricles,  the  fornix,  and  the  septum  pellucidum  after 
the  partial  removal  of  the  corpus  callosum. 
Dissection  m  in  Fig.  6^  esoept  thai  more  cerefani  tiiaue  hu  been  renMived  imd  the  body  of  the  corpus  ^H"^** 
cut  rnway .    L'puo  the  left  lide  the  chorioid  plexue  his  beeo  divided  ud  icdecled. 


THS  FORNIX. 

The  fornix  (Figs.  632,  634,  636  to  638,  642,  644-646,  648,  and  650)  consists  of  two  stmng 
and  peculiarly  bent  mLtlullary  >inx\  which  in  their  middle  portions  lie  below  the  rorpiis  callosum 
and  jusl  above  the  tela  chorioidca  of  the  third  vcniritle.  The  pairetl  character  of  the  structure 
(which  is  paired  throughout  its  entire  development)  can  be  easily  recognized  in  front  and  behind; 
while  in  its  middle  portion  the  two  stiie  are  fused  for  «.  idativdy  short  distance  to  form  the  un- 
pahed  body  of  Ike  jantixt  and  at  the  same  time  are  fused  with  the  inferior  surface  of  the  corpus 
callosum. 

The  fornix  has  three  main  portions:  an  anterior  portion,  the  column  oj  the  jornix,  a  middle 
(unpaired)  body  and  a  posterior  portion  or  crus  oj  the  jornix.  The  middle  unpaired  body  is  a 
flattened,  triangular,  prismatic  formation,  whose  broader  upper  surface  is  united  to  the  lower 

surface  of  the  corpus  callosum  and  more  anteriorly  also  to  the  posterior  end  of  the  septum  pelluci- 
dum, while  the  lateral  Infi  rior  surfaees  lie  in  the  transverse  fissure  above  the  thalamt  and  the 
inferior  rounded  broad  hordt-r  o\er  the  roof  of  the  third  ventricle. 

Posteriorly  and  a  liide  behind  the  middle  of  the  corpus  the  two  portions  o£  the  fornix  separate 
and  pass  hito  the  cmra,  becoming  at  the  same  time  greatly  flattened.  The  flat,  diverging  cords 
situated  below  the  posterior  portion  of  the  corpus  ( allosum  cli verge  posteriorly  and  at  the  same 
time  dow^l^vard  and  laterally,  and  so  ])r(.xluce  a  Ivre-haiKfl  fijltirr  fealled  the  psalterium  or 
David's  IjTc),  the  irianpular  interval  between  the  two  erura  beini^  occu])ii'<i  by  a  ihin  medullary 
plate,  the  hippocampal  commissure^  which  is  usually  closely  adherent  to  the  inferior  surface  of 
the  posteriw  portion  of  the  coipus  callosum.*  The  crura  have  sharp,  often  irregular,  sUghtly 
dentate,  lateral  borderst  called  the  tamte  of  the  fornix;  thsy  are  the  lines  of  attachment  of  the 
chorioid  plexns  of  the  lateral  ventricle  Csee  below).  The  crura,  diverging;  [xjsteriorly  and 
downward,  run  in  the  form  of  an  ar(-]i  around  the  fwsterior  end  of  the  thalamus  toward  the 
hipix)campus,  where  they  terminate,  after  becoming  still  more  flattened,  as  the  hippocampai 

Just  as  the  body  of  the  fornix  terminates  posteriorly  in  two  diverging  crura,  so  anteriorly 
it  also  forms  the  diverging  columns.  These  arc  .almost  circular,  cylindrical  rord>,  which  begin 
below  the  corpus  callosum  at  the  anterior  portion  of  the  body  of  the  fornix,  and  run  downward, 
forward,  and  laterally  to  the  lateral  wall  of  the  third  ventricle.  Thus,  with  the  anterior  portion 
<rf  tiie  thalamus,  they  bound  on  either  side  asenulunar  opening  called  the  inten/eiuriadar  foramen 
or  jeramm  Monroy  which  is  the  communicating  openmg  between  tte  tiiird  and  the  Uteral 
ventricles.  Tn  the  column  of  the  fomi.x  two  parts  are  distinguishable,  a  free  portion  and  a  covered 
portion,  for,  after  a  -hort  course  forward,  the  (  olumn  enter?;  the  substance  of  the  hypothalamus, 

*  Occasionall}-,  however,  it  is  separated  from  the  corpus  uUlosum  hy  a  space,  the  cavity  of  the  psalterium. 
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and  in  it  cou^>^es  to  the  mammillary  body  where  it  terminates.*  That  part  of  the  column  hidden 
(it  can  easily  be  exposed  by  removal  of  the  ependymal  layer)  in  the  substance  of  the  wall  of  the 
third  ventricle  (hypothakmitt)  19  the  covered  portion,  the  upper  part,  the  free  portion.  Between 
the  two  parts  of  the  free  poitioa  »  a  tiianj^,  in  which,  iocddBg  at  it  from  behind,  the  anterior 
oomnuaauie,  running  tnuuvendy  in  fomt  ni  the  ootunins,  may  be  seen  (see  page  178). 

The  septum  pellucdum. 

The  septum  peliucidum  (Figs.  O24,  632,  634,  and  636)  i^  an  unpaired  plate,  formed  by  two 
vertical  and  parallel  thin  gray  lamdle,  which  occupy  the  interval  between  the  anterimr  portioiis 
of  the  corpus  callosum  (rostrum,  gwu,  and  anterior  portion  of  body)  and  the  fornix.   The  two 

plates  which  compose  the  septum  arc  known  as  the  himimr  of  the  septum  pdluddum ;  they  arc 
separated  by  a  slit-Ukc  sagittal  cavity,  the  caznty  oj  the  septum  pellucidum,  wiiirh  is  filled  \.  jtii 
tluiil  and  is  cloi>cd  above  by  the  concavity  of  the  genu,  below  by  the  columns  and  anterior  portion 
of  the  body  of  the  fornix  and  anteriorly  by  the  rostrum  of  the  corpus  callosum. 

The  lamina  of  the  septum  pellucidum  is  a  rudimentary  portion  of  the  medial  wall  of  the 
hemisphere  and  con!;eriiicnt!y  bounds  its  cavity,  the  lateral  ventricle.  The  lateral  surface  of 
each  lamina  is,  therefore,  covered  by  the  ependyma  which  lines  the  entire  cavity  of  the  ventricle. 

Thblatdal  vmmaA 

ThutlaknlvtiUride  (Figs.  636  to  641)  is  a  peculiarly  curved  cavity  which  attends  throug^iout 
the  gtcater  portion  of  each  hemisphere.  It  h'es  much  closer  to  the  medial  than  to  the  lateral 
surface  of  the  hem!<;phcre,  indeed,  in  place?,  \\9,  medial  boundarj'  is  only  epithelial  in  character. 
Furthermore,  the  whole  lateral  ventricle  lies  in  the  lower  half  of  the  hemi<?|iht  re,  since  its  highest 
point  is  below  the  level  of  the  inferior  surface  of  the  corpus  callosum,  the  upper  half  of  the  hem- 
isphere being  solid  and  containing  the  large  medullaiy  mass  of  the  semioval  center.  Normally, 
the  width  of  the  ventricle  is  but  slight,  although  certain  portions  aie  wider  than  others. 

In  each  lateral  ventricle  four  indistinctly  separated  portions  are  recogniml,  one  of  which 
belongs  to  each  of  the  four  lobes.  The  middle  part,  from  which  all  others  arise,  is  in  the  region 
of  the  parietal  lobe  and  is  called  central  portkm  (cdla  media).  From  it  three  projections  are  given 
off,  the  armua  of  the  ventricles,  which  penetrate  more  or  less  deeply  into  the  three  odier  lobes. 
The  anterior  cortm  (Figs.  637  to  639)  extends  forward  and  at  the  same  time  downward  and  laterally 
into  the  frontal  lobe,  and  is  quite  wide,  but  short,  scarcely  reaching  to  the  cjenu.  Posteriorly 
the  posterior  cornu  (Figs.  637  to  640)  projects  from  the  central  portion;  it  is  a  rather  short  pro- 
longation, curving  posteriorly  and  medially,  the  sharp  point  in  which  it  terminates  lying  con- 
sidenbly  behind  the  splenium  of  the  corpus  callosum.  The  longest  and  also  the  narrowest 
prolongation  of  the  lateral  ventricle  is  the  inferior  cornu  (Figs.  636  to  642),  which  follows  the 
cur\'aturc  of  the  temporal  lobe,  that  is  to  say,  it  bends  around  the  brain  stem,  downward  and 
forward,  to  the  uncus. 

Since  the  walls  of  the  various  portions  of  the  lateral  ventricle  are  formed  by  different,  and  to 
a  certain  extent  important,  structures  of  thebrain,  it  will  be  wdl  to  consider  the  portions  separately. 

*  [Thp  course  of  the  column  is  at  first  downward  In  the  MlMaiM»  at  ih*  faunUtt  tenill««Ii»  ind  tiMn  liaAwird  in 
tile  faypotbalamk  ponko  o(  tbe  hemi^hcrc.— Ed.] 
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Fto.  637. — ^The  superior  aspect  of  both  lateral  ventricles  and  of  Ae  third  ventricle. 

The  Ihk'.v  And  splrnium  of  the  corpus  callosuni,  the  Ixjiiv  .■[  ilu'  fornix,  and  the  tela  rhorioidca  of  the  third  twi. 
tride  have  been  removed.  The  hemiiphercs  have  Uxa  divided  horizontally  Jiut  below  the  level  of  the  corpus  caUosum, 
Aft  kft  temporal  lobe  cut  away  aa  far  as  the  tip  of  the  inferior  hflrn,  and  a  wiind  paacd  tkraiigh  the  failerveBtricular 

foramen. 

Fig.  6j8. — The  Literal  ventricle,  the  corpus  caliosum,  and  the  tela  chorioidea  of  the  tliird  ventricle. 

Dissection  as  in  Figs.  636  and  637,  eaoefit  that  the  corpus  caliosum  has  been  divided  with  the  fornix  and  reflected  | 
forward  and  backward  (after  dividiqg  the  septan  pelluddum),  exposing  the  transverse  cerebral  fissure  and  the  tela  cho- 
rioidea of  the  thbd  ventrfde. 

Flo.  639.— The  posterior  and  inferior  horns  of  tbe  latenl  ventricle.  ' 

Dissection  as  in  Fig.  637. 


The  anterior  cornu  (Fig^.  636  and  637, 642  to  646, 674,  ami  675)  k  bounded  anteriorly,  supe- 
riorly, and  to  a  higs  extent  inferiorly  by  the  anterior  ndiadon  of  the  oocpos  caUosiim,  Its  medial 
wan  is  formed  by  the  lamina  of  the  septtmi  pelltiddtmk,  while  the  lateral  wall  and  the  pmlioB  ol 
the  inferior  wall  bordering  upon  it  is  formed  by  a  strgng  gray  eminence,  the  corpus  slriaium, 
which  projects  into  the  cavity  of  tlu-  v(  niru  If  ant!  L-^  one  of  the  larj^e  jjanplia  of  the  hemisphere 
(see  below).  Its  thickened  end  lying  in  the  anterior  cornu  contains  the  luad  oj  Ihf  caudate 
nucleus  (see  bdow)  and  is  therefore  called  '.he  head  oj  the  corpus  striatum. 

The  central  portion  of  the  Literal  ventride  (Figs.  636  and  637)  is  a  narrow,  almost  horizon- 
tal llssurc,  which  does  not  lie  exactly  sagttally,  but  has  its  long  axis  dircctetl  from  before  and  medi- 
ally, posteriorly  and  laterally.  Its  upper  wall  is  also  formed  by  the  callosal  radiation  (the  parietal 
part)  and  it?  lower  wall  is  the  for  the  most  part  poorly  developed,  orij^inal  medial  wall  of  this  part 
of  the  cerebral  vesicle.  On  account  of  the  shallownesss  of  the  cavity,  the  side  walls  cannot  be 
distmgutshed  unless  it  be  in  the  most  anterior  portion^  directly  m  front  of  the  interrentiictilar 
foramen,  when  the  posterior  part  of  the  landna  of  the  septum  pdliiddum  forms  a  low,  mesnl 
waD.  In  the  floor  of  the  central  portion  there  is  to  be  found  in  the  first  place,  in  the  anterior  part, 
the  sickle-shajjcd  intcr^T-ntricular  foramen,  which  leads  into  the  third  ventricle  and  {•^  bounded 
by  the  columns  of  the  fornix  (see  page  148).  The  lateral  jwriion  of  the  tloor,  so  far  as  one  can 
speak  of  a  lateral  portion  becatise  of  the  shallowness  ol  the  space,  is,  as  in  the  anterior  cornu, 
occupied  fay  the  now  coimparativd.y  thin  corpus  striatum  (that  b  to  say,  the  caudate  nucieiis),  and 
along  its  mesial  border  runs  a  fairly  large,  bluish  band,  the  terminal  stria,  a  thickening  of  the 
ventricular  ejx'ndyma,  Mow  which  lies  the  terminal  vein  (see  page  88),  this  causing  the  hliii'^h 
tinge.  The  terminal  stria  is  the  boundar)'  between  the  thalamus,  that  is  to  say,  the  diencephalon 
and  the  corpus  striatum,  that  is  to  say,  the  tdoicephalonl*  Medial  to  this,  in  the  floor  of  the 
ventride,  is  a  part  of  the  surface  of  the  thalamus,  whidi,  however,  is  not  actually  a  portion  of  the 
floor,  since  it  belongs  to  the  diencephalon  and  is  covered  by  a  thin  plate,  ;he  rudimoitaiy  medial 
wall  of  the  cerebral  vehicle,  the  so-called  lamina  afjixa,  which  is  firmly  adherent  to  the  superior 
surface  of  the  thalamus,  pa.ssing  laterally  into  the  terminal  stria  and  medially  into  a  thin,  slightly 
dentate  plate,  which  is  oontintied  mto  the  epithelial  chorioid  lamina.  Medial  from  the  thalamus 
hi  the  floor  of  the  ventiicle  is  the  dioritHd  plexus,  which  Is  formed  mainly  by  the  pia  mater  and 
contains  a  plexus  formed  fay  its  vessels.  The  ventricular  stirfaoe  of  the  plexus  is  coveted  txAf 

*  Beiow  the  terminal  stria  is  the  iatcrmediate  Sulcus,  which  marits  the  acparatkm  of  the  thslamus  and  corpus  siris^ 
(am,  wlndi  are  fused  in  this  r^on. 
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by  a  simple,  microscopic  cpilhrlial  layer,  the  epithelial  chorioidal  laminGy  which  represents  the 
medial  wall  of  the  cercl)ral  vesicle  persisting  in  its  embryonic  epithelial  condition.*  Laterally 
this  epithelial  lamella  becomes  the  sharpened  border  of  the  lamina  afRxa,  the  chorioidal  i(tnia, 
and  medially  it  passes  over  into  the  border  of  the  fornix,  the  kcnia  oj  the  jornix.  Medial  to  the 
chorioiil  plexus  the  floor  of  the  central  portion  of  the  ventride  is  fanned  by  the  fornix. 

The  posterior  cornu  (Figs.  637  to  639)  has  a  rather  variable  length,  since  its  medially 
directed  point  extends  sometimes  to  a  greater  and  sometimes  to  a  lesser  distance  from  the  pole  of 
the  occipital  lohc.  Its  root  is  also  formed  by  the  callosal  radiation  and  tlie  lateral  wall  by  the 
portion  of  the  radiation  known  as  the  tapeium,  while  another  pan  of  the  radiation  often  forms 
a  white  projection  from  the  upper  portion  of  the  medial  wall  of  lint  hom,  termed  the  hdb  of  ike 
poglaiof  hom*  Below  this  is  a  constant  rounded  pTOjectian  of  the  mesial  wall  kno\N  n  as  the  calcar 
aiAs.  It  cau'^ed  Ijy  the  calcarini'  fissure,  which  penetrates  deeply  into  the  substance  of  the 
posterior  hom  and  with  its  anterior  j)ortion  directly  touches  the  hijijxjcampus  and  also  the  collat- 
eral eminence,  both  of  which  structures  really  belong  to  the  inferior  comu. 

The  inferior  comu  (Figs.  637, 639  to  641)  is  bounded  laterally  by  the  tapctum,  which  also 
forms  part  of  the  up[jer  wall.  It  contains  the  continuation  of  the  lateral  chorioidal  plexus,!  which 
dcK'-s  not  extend  into  the  posterior  comu,  but  presents  quite  a  pronounced  enlargement,  the  chorioid 
^lomu^,  at  the  junction  of  the  inferior  comu  with  the  central  portion  of  the  ventricle,  but  quickly 
tlattens  toward  the  end  of  the  inferior  comu.  It  forms  only  part  of  the  medial  wall  of  the  ventricle, 
for  its  epithelial  lamina  gradually  becomes  nerve  tissue,  passing  over  into  the  direct  extension  of 
the  taenia  of  the  fornix,  into  the  t£enia  of  the  fimbria  on  the  one  side,  and  into  the  chorioid  taenia  of 
the  terminal  stria  on  the  other  side,  this  latter  being  continued  along  the  tail  of  the  caudate  nucleus 
into  the  mesial  wall  of  the  inferior  cornu  (><■<•  vrM^'e  153).  If  the  chorioid  plexus  is  removed  from 
the  lateral  ventricle  the  epithelial  chorioidal  lanuna  is  of  course  lorn  from  its  places  of  attachment 
and  an  artificial  deft,  tlw  choHoidd  fisswre^  is  produced  in  the  medial  wall  of  the  infoior  comu 
and  in  the  floor  of  the  central  portion  of  the  voitiicle. 

The  most  noticeable  structure  of  tlic  inferior  hom  lies  uiwn  its  f^c>or  and  is  the  hippocampus 
(also  known  a-,  the  cornu  ammonis),  a  retort-like  swcUinj^  concave  on  its  medial  surface  and  of 
a  white  color  on  its  ventricular  surface.  Its  anterior  portion  is  vcrj*  thick  and  presents  several 
(three  to  four)  digitatitms  and  in  this  region  it  passes  directly  into  the  uncus  (hippocampal  g}Tus). 
Its  posterior  end  is  flat  and  gradually  passes  into  the  hippocampal  commissure,  lying  below  the 
splenium  of  tlie  corpus  callosum  (sec  page  147).  Along  its  medial  concave  border  and  united 
to  it  runs  a  white  band,  the  hippnrampiil  flmhria.  the  dccidefllv  flaltenod,  direct  prolongation  of 
the  crus  of  the  fornix.  Its  white  tibers  spread  out  over  the  deeper  gray  sui>siancc  so  that  it  grad- 
ually but  entirety  dbappears  toward  the  anterior  extremity  of  the  hom. 

The  luppocampus  corresponds  on  the  external  surface  of  the  brain  to  the  hippocampal 
sulcus,  since  the  hippocampus  is  to  be  regarded  as  sft  invaginatitm  of  the  ventricular  wall,  as 
may  easily  be  recotnii;rcd  in  mtrro<Jropir  and  even  In  marrcKcopic  frontal  sections  (see  Ixdow). 

•  Tht  mniial  wall  of  the  vcsirlc  develops  but  very  little  nerve  tissue  in  tijis  region,  laterally  and  below  only  the 
lamina  affin,  medially  (above)  the  ffirntx.  Between  tbeee  tieo  it  the  purdy  cpicliclkl  chorioidal  lamina,  threughout 
which  (here  i»  no  development  of  nerve  tissue. 

t  The  chorioid  plexus  is  only  apparently  in  the  vcntricic  ;  it  merely  projei  is  into  it  and  is  always  cwered  lijp 
die  epithelial  «eiUriailar  Uidng.   It  baa  the  same  relatloo  to  the  ventricle  ai  the  iutctdne  haa  lo  the  peritoneal  cavity. 
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In  addition  to  the  hippocampus  the  floor  of  the  inferior  comu  presents  a  fitrong,  flat,  trian^lar 
area,  lyinjr  between  the  convex  surface  of  the  hippocampus  and  the  calcar  a\  i>,  and  termed  ihe 
coUaUrai  trigone;  it  corresponds  to  llie  collateral  fiisurc  of  the  tein[x>ral  lobe.  Just  as  this  fissure 
«ind  the  gynis  Ungualis  bounded  by  it  (see  page  143)  belong  both  to  the  occipital  and  to  the  tem- 
poral lobe,  so  too  the  colktenl  tiigcae  fonns  a  put  «l  the  floor  of  the  posterior,  as  wdl  as  <rf  the 
inferior  comu.  Its  strangest  projection,  which  however  is  not  always  very  distinct,  is  termed  the 
edlateral  eminenf  e. 

The  dentate  jascia  of  the  hippocampus  (Figs.  634  and  639  to  641)  a  vct^'  variably  developed 
and  usually  distincdy  dentate  band,  is  connected  to  the  hippocampal  fimbria  medially  and  b 
largely  covered  by  it;  it  does  not  actually  lie  in  the  wall  of  the  ^erim  comu,*  but  may  be  seen 
from  the  ventricle  after  removal  of  the  choriold  plexus.  It  is  a  rudimentary  gyrus  belonging  to  the 

temporal  lobe  and  is  a  direct  continuation  of  the  fa"-!  ia  cinerca  (see  page  147).  Laterally  the 
dentate  fascia  (dentate  gyrus)  borders  upon  the  hippocampal  g>Tus,  and  is  located  between  it 
and  the  hippocampus  itself,  as  may  be  seen  in  frontal  sections,  in  which  the  hippocampus  appears 
as  a  coiled  portion  of  the  ventricular  wall  (Figs.  64a  and  646).  1 

The  white  medullary  lamina  which  forms  the  ventrknlar  surface  of  the  hippocampus  is 
called  the  dlvrtis,  and  it-,  fibers  have  their  origin  in  the  hippocampal  fimbria.    The  hippocampal 
gyrus,  in  contrast  to  the  other  convolutions,  is  also  covered  on  its  medial  surface  by  a  thin  white  ' 
layer  of  fibers,  the  reticular  white  substance  (of  Amokl).  This  penetrates  into  the  substance  of  ^ 
the  hippocampus  and  makes  its  ai^)eaiaiice  as  the  roUcd-up  medial  border  of  the  wall  of  the  | 
hemnphcre  ev»  nuxre  distract.  ! 

The  Semi-oval  Center  and  the  gray,  ganglia  of  the  hemisphbre. 

While  the  ventricular  cavity  of  the  cerebnmi,  as  wcU  as  the  neighboring  large  gray  ganglionic 
masses,  are  situated  bdow  the  level  of  die  corpus  callosum,  the  semi-oval  center  surrounded  by 

the  cortical  gray  substance  shows  its  greatest  developrndt  in  the  upper  part  of  the  hemisphere 
at  the  level  of  the  su|>erior  surface  of  the  corpti>  callosum.  k  horizontal  section  made  through 
this  repion  will  ^how  this  center  (the  center  of  X'ieu'^scns)  as  a  large  wliite  area  surrounded  by 
a  simple  layer  of  gray  torlcx  (Fig.  635).  Its  fibers  arc  largely  radiations  from  the  corpus  callosiun,  [ 
but  it  also  contains  numerous  fiber  tracts  which  are  prolongations  of  diose  found  in  the  bcain 
stem  and  bekmg  to  the  so-caUed  corona  radtata  (see  page  178).  Unalty,  it  contains  also  numeroius 
smaller  tracts,  such  as  association  bundles,  etc.  (see  jiage  176"). 

Mas«;cs  of  ^ixy  substance,  independent  of  the  gray  cortex,  occur  in  the  deeper  parts  of  each 
cercljral  hemisphere  in  the  form  of  iaigc  ganglia.    There  arc  four  of  these  which  arc  all  close  , 
together,  the  first  three  especially  so:  r.  The  caui^  nudeus;  3,  the  knHeutar  mdcus;  3,  the  1 
dauslnun;  4,  the  amygdidoid  fmdetu,  which  last  has  but  slight  idations  to  the  other  three. 

The  caudate  nufints  (Figs.  641  to  646, 674,  and  67  5I  is  an  elongated,  curved  ganglion,  remark- 
ably enlarged  at  it*;  anterior  extremity  and  ronsfitutes  the  medial  main  portion  of  the  corpu? 
striatum.  Its  most  anterior,  thickened  portion  is  the  head  and  forms  the  projection  of  the  corpus 
Striatum  into  the  anterior  hom  of  the  hteral  ventricle  (head  <rf  the  corpus  striatum,  see  page 

*  The  dentate  fascia  ii  resUy  nlnveulrkuhu',  since  the  tciiia  of  the  fimbria  becomes  continuous  with  the  epithelial 
limiDK.  Tbe  CKvi^  of  the  vcatrfele  It  doacd  by  the  epitbdinl  hmim  above  tbe  dentate  faada.  I 
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150);  it  is  situated  in  the  ffontal  lobe  and  bends  anterkvty  and  downwud.  The  middle  jMir- 

tion  of  the  retort -like  ganglion  is  decidedly  convex  upward  and  is  the  body ;  it  is  located  in  the 
parietal  lobe  and  also  causes  a  corresponding  bulging  of  the  wall  of  the  central  portion  of  the 
lateral  ventricle  (the  body  of  the  corpus  striatum).  The  very  slender  tail  bends  posteriorly  and 
dowttinuxlindwtenipainlkbeanddoeanotfomany  pratubeian^  On 
account  of  the  great  curvature  of  the  nudeus  the  tip  of  the  tail  lies  only  a  short  distance  from 
the  posterior  end  of  iho  head,  although  on  a  lower  plane. 

The  lentkular  ntuJeus  (Figs.  641  to  646,  674,  and  675)  constitutes  the  lateral  portion  of  the 
corpus  striatum,  and  in  contrast  to  the  caitdate  nucleus  it  does  not  reach  to  the  ventricular  wall, 
but  lies  between  itn  dialamiis  and  caudate  nndeus  on  the  medial  side  and  the  insula  Uterally. 
and  is  bdow  the  level  of  the  floor  of  the  ccntial  poitioa  of  the  ventride.  Its  shape  is  that  of  a 
three-sided  prism  with  curved  surfaces  and  its  length  is  about  twice  its  width.  In  a  frontal  section 
it  appears  as  an  equilateral  triangle  while  in  horizontal  section  it  is  a  scalene  triangle.  Its  longest 
side  is  the  lateral  convex  one  which  faces  the  insula  and  is  separated  from  it  not  only  by  the  claus- 
trum,  but  also  by  the  external  capsule  (see  below).  The  anterior  mesial  surface  is  shorter  than 
the  posterior  one  and  is  ahuost  straight;  it  is  separated  by  the  anterior  limb  of  the  internal  capstde 
from  the  tail  of  the  caudate  nucleus.  The  posterior  mesial  surface  is  in  relation  to  the  thalamus 
and  partly  al^o  to  the  hypothalamus  and  tail  of  the  caudate  nucleus*  from  which  it  is  separated 
by  the  pc^terior  liml;  of  the  internal  capsule. 

The  lenticular  nucleus  lies  in  the  curvature  of  the  caudate  nucleus  in  such  a  manner  that  the 
internal  capsule  hicompletdy  separates  the  two  nudei,  whidi  t<^ether  form  the  corpus  striatum, 
aJid  the  lower  end  of  the  head  of  the  caudate  nucleus  passes  directly  over  into  the  anterior  end  of 
the  lenticular  nmleus,  the  internal  capsule  being  lacking  In  this  region.  Below  this  nncleus  is 
the  anterior  jjcrforated  substance,  tlie  anterior  commisc.ure  and  a  ]K)rti()n  of  the  brain  stem.  The 
substance  of  the  nucleus  is  divided  into  three  parts,  two  smaller  medial  and  a  large  lateral  portion, 
by  fine  medtdlated  Uunime,  running  almost  sagittaUy  and  readily  distinguishable  in  a  fresh  brain 
on  account  of  then'  color.  The  lateral  |M)rii<)n,  which  surrounds  the  other  two  as  with  a  mantle, 
is  called  the  putamen;  it  i>  of  a  decidedly  darker  gray  color  than  the  other  two  parts,  which  together 
are  known  as  the  globus  pallidus. 

The  daustrum  (Figs.  641  lo  646,  674,  and  675)  is  a  narrow,  almost  vertical,  thin  plate  of  gray 
stibfitance  which  lies  dose  to  the  lateral  convex  surface  of  the  putamen.  Fmm  this  it  is  separated 
by  a  thin  plate  of  meduUated  fibers,  the  external  capsule,  while  with  its  opposite  (lateral)  surface, 
it  is  in  immediate  relation  with  the  convolutions  of  the  insula.  The  surface  is  sh'ghtly  dentated 
in  correspondence  with  the  surface  form  of  the  insular  convolutions,  from  whose  gray  cortex  the 
claustrum  is  separated  only  by  a  narrow  band  of  white  substaiK  e. 

The  amygddoid  nndeus  (Fig.  644)  is  a  rounded  mass  of  gray  substance  lying  in  the  anterior 
end  of  the  temporal  lobe  in  the  vidnity  of  the  uncus,  in  front  of  the  anterior  end  of  the  inferior 
comu  ol  the  lateral  ventricle.  It  is  united  with  the  gray  substance  of  the  temporal  lobe  and  lies 
below  the  anterior  end  of  the  lenticular  nudeus,  from  which  it  is  separated  by  a  prolongation  of 
the  external  capsule. 

*  Tbe  leoticuUr  nucleus  it  a  part  of  the  telencephalon,  while  the  thalamus  belonigB  to  the  dienccphsloo.  Tbc  two 
part«,  faawever*  ■>«  nailed  by  the  fiber*  of  Ute  internal  o^Mle  (lee  piige  154)- 
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FiS.  640. — transverse  section  of  the  anterior  extremity  of  the  temporal  lobe  after  opening  the  infcrior 

horn  (as  in  Figs.  6j8  and  639).   View  from  behind  and  from  above. 
Fic.  641. — frontal  transvcise  section  of  the  terapoial  lobe  and  of  the  contiguous  poitioni  of  the  ialir- 
brain  and  midbrain. 
Tim  pi»  Biaur  with  tbe  blood-vmcU  hM  been  rcuined,  •  -  A  vmUl  •rteriai  lw%. 
Fig.  64a. — ^An  antoior  view  of  a  section  of  the  bram  in  the  piane  of  the  cerebral  peduncles. 

The  section  through  the  N  it  i  in  lirkini  is  mon-  ixjstcrior  tK:in  lh.it  through  the  riglil. 

Fig.  643. — A  frontal  section  of  tiie  brain  in  the  r^un  of  the  anterior  portion  of  the  septum  pcUucidum. 
The  anteriar  c«t  wmttt  i«  viewed  from  behiiid. 

Fn.  644.— .\  frontal  stvtion  of  the  bniin  in  the  i^on  of  Ihc  anterior  commiiwuie. 

The  anterior  cut  surface  is  %-icwcd  from  behind. 


The  broad  white  layer  of  litxTr.,  lying  hciw  ecn  lenticular  nttdciis  on  one  side  and  the  caudate 
nucleus  and  thalamus  on  the  other  (see  above)  is  known  as  iniernal  capsule.  In  it  may  be  rccog- 
niwd  two  Umbs,  whidi  unite  At  an  an^  in  Uie  borisontal  plane.  Hie  anterior  limb  or  fmOd 
portion  lies  between  the  head  <tf  the  caudate  nudeiu  and  the  anterior  medial  suiface  of  the  lentic^ 
ular  nucleus;  the  posterior  limb  or  occipital  portion  i.s  between  the  posterior  medial  surface  of  the 
lenticular  nucleus  and  the  thalamus.  At  the  place  of  junction  of  the  two  iimI)S  ari^t  or  sligbUy 
obtuse  angle,  open  laterally,  the  genu  oj  the  internal  capsuU  ,  is  formed.* 

The  portion  of  the  hemisphere  which  contains  the  large  ganglia  of  the  corpus  stria,tutn  and 
the  daustrum,  and  wliose  surface  beats  the  insuter  convolutions,  is  termed  the  pcdunailar  portion, 
or  it  is  the  direct  continuation  of  the  brain  stem  and  especially  of  the  mesencephalon.  Thi 
whole  cor]Mis  striatum  (caudate  nucleus  and  lenticular  nucleus),  therefore,  is  known  as  the  basai 
ganglion  and  the  insular  convolutions,  in  contrast  to  the  gyri  of  the  pallium,  as  the  basal  gyri. 

THB  OPTIC  PORTION  OF  TH8  HyPOTnALAMUS. 

To  the  optic  portion  of  the  hypothalamus  (Figs.  624, 644, 645,  and  647  to  649),  which  repce* 

sents  the  unpaired  portion  of  the  telencephalon,  belong:  i,  The  lamina  tcrminalis;  2,  the  oflk 
chiasma  with  the  optic  tra(  ts;  3,  the  tuber  cinerrum;  4,  the  injundibulum;  5,  the  hypophy:^!^. 

The  lamina  tcrminalis  (Figs.  624,  647,  and  648)  is  a  very  thin  lamina,  ascending  almost 
vertically  in  front  of  the  optic  chiasma  and  forming  the  anterior  waU  of  the  third  ventride.  Before 
the  complete  devdk>pment  of  the  cerebral  vesicle  it  represented  the  anterior  end  of  the  teteDceph- 
alon  (see  page  1 25).  .Above,  it  passes  over  into  the  rostral  lamina  of  the  corf)US  callosum,  laterally 
into  the  hemispheres  and.  v.ith  the  optic  chiasma,  it  forms  the  opiif  recess  of  the  thin!  ventride. 

The  optic  chiasma  (tigs.  624,  644,  647  to  649)  is  a  flattened,  white,  quadranf^nilar  body, 
from  «diose  anterior  inferior  angles  the  optic  ncr\es  arise,  while  from  its  posterior  upper  cnd< 
the  optic  tracts  extend  posterioriy  and  lateraOy,  so  that  it  is  the  central  portion  of  a  St.  Andrew's 
cross  (X)>  The  6at  optic  tracts  run  along  the  medial  posterior  border  of  the  anterior  perfomted 
substance  towanl  the  mctathalamtss  (sec  page  158). 

The  tuber  cinereum  (Figs,  630,  647  to  649)  is  a  large,  convex  elevation  lying  in  tbe  floor  oi 

♦  A  p.iit  r,f  the  intrrn:il  r.if.^ulr  '1:  e  .il'^i  1 » ■  I v, r<  r.  Ili,  1,  ni;.  u!.ir  rn;.  Iru'i  ind  the  hvp.:itlial.nT.uv  Thi»  is,  ihcrcf"-', 
termed  tuMhalimic  region  oj  thr  mttrntit  capsule  in  rontrast  to  the  lhalamic  region,  which  is  the  main  portinn  hctwc^i 
the  dulamiis  and  the  Icatinilar  ntKlettt. 
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the  third  ventricle  and  is  formed  by  a  thin  soft  plate  which  anteriorly  passes  directly  into  the 
lamina  tcrminalis  and  ix>sterior!y  i>  continued  downward  as  a  funnel,  called  the  infundibuluin. 
In  addition  to  gray  substance  it  has  aUo  transverse  fil)er  tracts  such  as  the  injerior  (Gudden's) 
cwnmissure  running  just  behind  the  optic  chia«>ma  and  the  large  superior  (Meyncrt's)  commissure. 

The  infundUmlMm  (FigSi.  624, 645, 647  to  649)  is  a  hollow  paroloittgatio&  of  the  gray  substance 
of  the  tuber  dnereum  directed  anteriorly  and  downward,  and  passes  over  into  the  posterior  lobe 
of  the  hypophysis.  Its  cavity  is  called  the  mlundSndar  r«eas  and  is  a  protoog^tion  of  the  third 
ventricle. 

The  hypophysis  (Figs.  623,  624,  and  648)  is  a  flattened,  spherical,  grayish-red  body  which  is 
attadied  to  base  of  the  brain  only  by  the  infundibulum,  being  otherwise  quite  free.  It  ties 
in  the  hypojAyseal  fossa  in  the  sdla  turcica  of  the  sphenoid,  is  flattened  anterapostuioriy, 

and  is  about  as  large  as  a  medium-sized  bean.  It  consists  of  two  parts  which  arc  quite  ditTcrent 
in  color  and  structure,  hut  arc  closely  united  and  are  called  the  lobes.  Only  the  smaller  posterior 
lobe  is  a  part  of  the  brain ;  the  larger  anterior  lobe  is  formed  from  the  epithelium  of  the  primitive 
oral  sinus  (see  Vol.  II.,  page  21),  which  has  no  nervous  constituents. 

THE  DffiNCEPHALON. 

The  diencephalon  (Figs.  637,  6'^9,  643  to  646,  648,  674,  and  675)  includes  the  bmindaries 
of  the  greater  portion  of  the  third  ventricle,  namely,  the  raammillar)'  iwriion  of  the  hyiwihalamus 
and  die  thalamcncephalon.  The  latter  is  again  divided  into  thalamus,  epithalamus,  and  mcta- 
thalamus. 

The  third  ventricle  (Figs.  624,  637,  642,  and  644  to  648)  docs  not  lie  entirely  in  the 
diencephalon  since  its  lower  portion  i>  !w?tinde<l  Ijy  the  hypothalamus  and,  therefore,  really 
Wongs  to  the  telencephalon;  the  greater  [xirtion  of  it,  however,  belongs  to  the  diencephalon.  It 
is  unpaired  and  has  the  form  of  a  sagittal  fissure,  being  excmlingly  narrow  from  side  to  side.  In 
its  amcnor  portion  it  e  in  communication  on  either  ^de  with  the  lateral  ventricles  by  the  mtervm- 
tricviar  jormne»t  and  posteriorly  it  is  continuous  with  the  cavity  of  thi  me>en(  >  ]  halon,  thecnebral 
aquodiirt.  Tt<=  greatest  width  is  in  j)ostcrior  portion  and  even  here  il  is  but  sli^^t;  anteriorly, 
the  ventricle  is  much  higher  than  posteriorly. 

The  lateral  walls  of  the  third  ventricles  arc  formed  on  cither  side  by  the  medial  s.urfaccs  of 
the  opdc  tbalan»0  and  hypothalannis.  These  two  regions  are  separated  by  an  almost  horizontal 
groove,  running  from  the  vicinity  of  the  interventricular  foramen  to  the  entrance  of  the  aquctiuct 
rtntl  known  as  the  hypofJuilawir  sulcus  (sulcus  of  Monro"!.  Tlic  anterior  wall  of  the  ventricle 
formed  below  by  the  lomitui  irrminnlh  and  hiuher  up  by  the  rostral  lamina  of  the  corpus  i  alIo>ufii 
and  the  anterior  commissure,  which  apijears  for  a  short  jxjrtion  of  its  course  as  a  rounded  bundle 
in  the  anterior  wall  of  the  tturd  ventricle,  lateral  to  whldi  are  the  eciuims  oj  the  fornix.  The  floor  is 
formed  anteriorly  by  the  optic  chiasma,  more  (X)sterioHy  by  the  hypophysis  with  the  infundibulum, 
which  arc  portions  of  the  optic  portion  of  the  hyjKMhalamus,  while  the  most  posterior  portion  is 
formed  by  the  mammillary  j>ortion  of  the  hyjxjthalamus  with  the  corpora  nrnmmiUnria  and  the 
posterior  perjoraied  subslatue*  The  {x>sterior  wall  presents  the  entrance  to  the  cerebral  aqueduct, 
and  above  it  is  the  epith<damus,  composed  of  the  poskrior  eommissure,  the  hobetuita  and  the  pineal 
*Tlie  aalcriar  putt  of  die  cerelm]  pedundcs  alaa  lake  p«Tt  in  the  boumlvx  of  llw  third  WBtride. 


ATLAS  AND  TEXT-BOOK  OF  HUMAN  ANATOMY. 


Fig.  645.— a  iinmtol  aectioo  of  the  bnin  through  the  anterior  extremity  of  the  third  ventrick  just  behind 
the  snlcrior  oomminnre. 

The  uterior  cut  nirfKee  b  viewed  from  beMnd. 
Fig.  646. — A  frontal  section  of  the  brain  through  the  middk  of  the  diird  ventricle. 

The  anUfliar  cut  nirface  is  viewed  irom  behind. 
Fig.  647^The  structures  at  the  base  of  the  brain  (somewhat  enlarged). 

The  anlcri'  ir  i  xlrcmitics  nf  1»j!h  tt  tii|"i:.il  li  ilx-s  h:ni-  Ih  iii  rrnnivci!,  thi  m-rvi-s  cut  off  clos<-  l<>  the  1  iiiaiir.j., 

and  a  piece  of  the  left  optic  tract  removed.  Upon  the  left  side  the  emerging  roots  of  the  nerves  have  been  left  in  tiiii ; 
upon  the  tlgM  fhejr  have  been  removed. 

Fig.  648. — A  median  stKrtion  of  the  human  brain  without  the  hemispheres. 

*  »  Tuber  cincrcum.    **  ^  Tela  cborioidea.    +    Cborioid  plexu&  of  fourth  ventricle. 


body.  The  roof  is  epithdial  in  character,  being  represented  by  an  e^OuUal  ehatMdat  Umim 

and  a  tela  chorioidea.  Here,  as  in  the  neighboring  mwHal  surfaces  of  the  cerebral  vesicles,  no 
formation  of  nerve  tissue  takes  place,  but  instead  the  epithelial  covering  of  the  ventricle  lies  close 
to  the  inferior  surface  of  the  pia  mater  which  occupies  the  transverse  flsstirc.  It  is  this  double 
leaflet  of  pia  mater  lying  between  the  inferior  surface  of  the  corpus  cailostim  and  fornix  on  one 
side  and  the  superior  surface  of  the  dicnceplialon  on  the  other,  that  is  to  say,  lying  in  the  trans- 
verse cerebral  fissure,  that  forms  the  tela.  dKvioidea  of  the  third  vt  ntru  K .  Since  it  occufnes  the 
whole  breadth  of  the  fissure,  it  is  closely  connected,  lateraHy,  with  the  chorioid  plexus  of  the  lateral 
ventricle.  Its  ventral  lamina  forms  short  villus-like  processes  covered  by  the  epithelial  lamina 
and  projecting  into  the  cavity  of  the  third  ventricle,  forming  its  chorioid  plexus.  The  epithelial 
lamina  of  the  tela  chorioidea  is  attached  on  either  side  to  a  sharp,  often  sl^tly  dentate  bonier 
of  die  thalamus,  the  tcenia  lhalami,  passing  over  along  this  line  into  the  lateral  \vall  of  the  vcntrit  le, 
which  corTiist^  of  ncrvi-  tissue.  Between  the  two  laniin.e  (jf  the  tela  chorioidea  the  internal  cerebral 
veins  have  their  course,  uniting  posteriorly  (-ii-  jiage  HS  i  to  form  ihe  great  cerebral  vein. 

In  the  cavity  of  the  third  ventricle  a  number  of  di\erlicula  known  as  recesses  occur,  lu 
the  first  place  the  optic  chiasma  projects  dorsally  in  the  deepest  portion  of  the  floor  in  sudi  a 
manner  as  to  divide  it  into  the  anterior  optic  recess,  lying  b<  twe(  n  the  lamina  tenninalis  and  the 
rhia>ma,  and  the  more  posterior  infundibular  recess,  lying  in  tlie  tuber  i  inereum  and  infundibu- 
lum.  Furthermore,  between  the  diverging  free  f)ortions  of  the  eolurnns  of  (he  fornix  and  the 
anterior  commissure,  there  is  a  usually  shallow  evagination  of  the  anterior  wall,  known  as  the 
tHangdar  reeesSt  and  two  evaginations  occur  in  the  re^on  of  the  epithalamus.  One  of  these, 
the  pined  reeesSf  extends  to  the  pineal  gland,  the  other,  the  suprapined  recess,  is  above  it  in  die 
posterior  portion  of  the  epithelial  chorioidal  lamina,  which  bounds  it  superiorly.  Finally,  the 
cavity  of  the  third  ventricle  gradually  goes  over  into  the  cavity  of  the  mesencephalon  throt^ 
the  opening  of  the  cerebral  aqueduct. 

Thb  Tkalambncbphalon. 

The  thalamcncephalon  is  formwl  largely  by  the  thalamus,  from  which  it  derives  its  n.imc. 
but  y<art1y  also  ])y  the  structures  of  the  epithalamus  (the  pineal  body  and  pineal  stalk)  and  the 
geniculate  IxKlics  of  the  mctathalamus. 

The  thalamus  (optic  thalamus)  (Figs.  634, 636  to  638, 645,  646,  648,  650, 660,  and  674)  is  an 
elongated,  oval  body  with  a  flattened  medial  surface,  whose  anterior  portion  »  the  smaller, 
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THE  NERVOUS  SYSTEM.  I^y 

and  the  posterior  and  lateral  portion  the  broader  end  of  the  oval,  its  axi?,  therefore,  running 
from  an  anteromediai  to  a  posterolateral  direction.  Its  upper  surface  is  covered  by  a  mass 
<A  white  nibetance,  the  JlraftMi  totuiU,  and  partly  forms  the  floor  <Kf  the  central  portion  of  the 
lateral  ventxide;  that  is  to  say,  the  substance  of  the  thabtmus  does  not  actually  do  thb,  but  the 
lamina  affixa  (see  page  150)  which  covers  it.  The  anterior  smaller  end  of  the  thalamus  shows  a 
variably  developeci  thickening,  the  anterior  thalamic  tubercle,  which,  with  the  columns  of  the 
fomi.x,  bounds  the  inierveniricular  foramen,  while  the  posterior  broader  part,  which  extends  far 
beyond  the  posterior  end  of  the  third  ventricle  and  forms  the  posterior  portion  of  the  thalamus, 
is  called  the  puhriner  (posterior  tubercle).  The  mesial  surface  fonns  the  sieater  portion  of  the  lat- 
eral wall  of  the  third  ventricle  (see  above)  and  is  gray  in  color,  and  usually  the  medial  surfaces  of 
the  two  thalami  arc  united  by  a  ?,oft,  rather  flattened  mass  of  gray  substance,  the  intermediate 
mass  (middle  or  soft  eomnii-sure  1 ;  otherwise  the  two  surface*,  are  sei)iirat».><i  liy  the  narrow  space 
of  the  third  ventricle.  At  the  line  of  transition  of  the  upper  wall  of  the  thalamus  into  the  medial, 
that  a  to  say,  along  the  upper  border  of  the  medial  wall  there  is  a  distinct  white  band,  whidi 
goes  over  into  the  habcnular  trigone  posteriorly  and  is  termed  the  mwIuUary  Stria;  to  it  is  attached 
the  e;)ithelial  chorioidal  lamina  in  the  form  of  the  tania  thalami.  The  'reparation  of  the  plane 
or  slightly  concave  medial  surfat  i-  of  thalamus  from  the  hy[)othalamus  is  marked  by  the  hypolliala- 
mi<  sulcus  (sulcus  of  Monro)  (,scx"  above),  and  similarly,  the  stria  terminalis  marks  the  boundary 
between  the  upper  and  lateral  surfaces. 

The  remaining  surfaces  of  the  thalamus,  namely,  the  lateral  and  inf erioTt  and  also  the  posterior 
fjortion  of  the  medial,  are  not  free,  but  are  fused  with  the  purrmmding  structures.  The  lateral  sur- 
face and  a  j)art  of  the  anterior  [lortion  is  fused  with  the  telencejihalon  by  the  fibers  of  the  internal 
capsule,  by  which  they  arc  separated  from  the  lenticular  and  caudate  nuclei,  i'he  lower  ventral 
surface  comes  hito  relation  with  the  tegmentum  of  the  brain  stem  and  with  the  hypothalamus. 

The  thalamus  contains,  below  the  white  surface,  a  number  of  nodei  whidi  are  not  sharply 
outlined,  but  are  separated  from  one  another  by  medullary  lamina  (internal).  Three  main 
nuclei  are  recognized:  fi"^  The  anterior  mirlrus:,  which  lies  in  the  anterior  dorsal  portion  and  cor- 
responds to  the  anterior  tubercle;  (2)  the  mtdiui  nucleus,  larger  than  the  anterior  one  and  lying 
near  the  medial  surface  of  the  middle  and  {x>sterior  portion  of  the  thaUunus;  and  (3)  the  toUral 
tmdeus^  generally  the  largest  of  the  three,  forming  the  lateral  portion  of  the  thalamus  and  ezteod" 
jng  from  the  region  of  the  anterior  nudeus  to  the  pulvinar. 

7n  ailititi'in  t<i  tT;rs<-  nir<-i-  main  nui  a  frw  smaller  ones  also  occvif.  The  Intrrri!  sMrf.nc  of  llu-  Intoral  midpus 
is  covered  by  a  white  exUrniil  medullary  lamina  and  by  a  thin  layer  of  gray  substance,  the  relkular  stratum,  and  by  these 
St  h  tepmuA  fram  the  iBtenud  eapwile. 

The  epithJamus  (Figs.  6a4«  637,  648,  650,  and  660)  is  formed  Uu:gdy  by  the  pine^  My 
or  efii^y  is.   Tias  is  a  flattened,  pear-shaped  body  which  lies  below  the  splenium  of  the  corpus 

callosimi  in  the  transverse  cerebral  fi  -ure.  Its  base  is  in  front  and  is  connected  with  the  dien- 
cephalon  through  the  habcnula;  ihe  apex  lies  posteriorly  and  hangs  freely  flown  over  the  corpora 
quadrigemina  of  the  mesencephalon,  enclosed  by  pia  mater  and  united  to  the  tela  chorioitlca  of 
die  ibtd  vcntride.*  The  pineal  body  is  connected  with  the  diencephalon  by  the  posteriw  oom- 

•  Ib  die  Miterior  put  of  the  upper  luifaoe  of  the  pineal  body  the  chorioidea  to  not  firmly  wlhefeiit,  hot  k  iqnmtcd 
hf  «he  twprapiiical  reocH  (tee  page  156). 
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Fig.  64Q. — The  roots  of  the  optic  ncrv'es- 

Tiic  brain  ^^loIn  has  been  rLinuvtti  by  a  traaHvery*  section  through  the  superior  toUiculus,    The  cut  »uriact  is 
exposed  to  vit  w. 

FlO.  650. — The  thalami,  the  epithalamus,  the  lamina  quadrigemina,  and  the  rhombencephalon,  aswea 
£rom  behind  and  above,  after  the  removal  of  the  larger  |>ortion  of  the  cerebellum. 
The  corpus  striatum,  the  thalami,  and  the  third  vcntridc  have  been  ejt{x>se<l  by  the  removal  of  the  corpus  callo&uni, 
tbe  fomiz,  and  the  tela  chorioidea  of  the  third  ventride.  Upon  tbe  tigbt  ifak  all «(  Uie  ceirhdlum  cxcqtt  tbe  floccuhis 
has  been  Roioved;  upon  the  left  aide  all  but  a  portion  of  the  medullary  wibWBoe  aad  of  the  heini^jtee.  Tlietdichft' 
»toMc>dtlieibM«hvtoliidelM»be«idividedittliieinBtoli^ 


missurc  and  also  by  the  two  habtnttla.  These  are  white  bands,  which  are  the  coatinuatioos 
of  the  meiuOary  sirue  of  lh$  ihalamm,  and  unite  at  the  upper  bolder  of  tbe  puical  noess  to  loiim 
a  triangular  plate,  the  kabmular  IrigetUt*  whose  floor  is  formed  by  a  gray  lamina,  the  comtiiissi$r$ 

0/  the  habenula,  emerging  from  the  substance  of  the  puieal  body,  and  fonnuig  the  wall  of  the 
cavity  of  the  pineal  stalk,  the  pitietd  recess.  Lime  concretions  known  as  acenndta  or  brain  sand 
occur  in  the  pineal  body. 

The  posterior  ammissure  (Figs.  624,  637,  and  64S)  is  a  bimdle  of  transverse  fibers  which 
projects  into  the  third  ventricle  bekm  the  pineal  body  in  such  a  manner  as  to  bound  tbe  phieal 
recess  inf eriorly.    Laterally,  the  commissure  is  lost  in  the  walls  of  the  thakmus. 

The  metaihiilamus  (Figs.  650,  660,  and  661)  includis  the  two  geniculate  Ixxlie^  which 
arc  white  elevations  and  arc  knouTi  as  tlic  medial  and  the  lalrral  grniculate  body.  Thp  former 
is  an  elongated,  round  clcvaliun  behind  the  pulvinai  of  the  thalamus;  the  latter  is  a  fairly  large 
thickening  of  the  posterior  lateral  portion  of  the  pulvinar  itsdf.  The  two  bodies  are  separated 
by  a  furrow  and  are  in  dose  connection  with  the  optic  tract  and  mesencephalon,  and  in  each 
is  a  pray  nticlcus,  the  nuclei  oj  the  medinl  and  lateral  geniculate  bodies. 

From  the  geniculate  bodies  the  opLic  trail  arises  (see  fia^e  154)  by  two  roots,  the  medial 
root  coming  from  the  region  of  the  medial  geniculate  body,  and  the  broader  kUerai  root  not  only 
from  the  lateral  geniculate  body,  hut  also  from  the  pulvinar  of  die  thalamus.  At  their  origins 
the  optic  tracts,  especially  the  stronger  hiteral  one,  are  very  flat  and  broad,  but  as  iSbiey  curve 
around  the  bram  stem  they  become  narrower  and  tiiicker. 

Tkll  liAimiLLABy  PORTION  OP  THE  HypOIHilLAMUS. 
The  portion  of  the  hypothalamus  which  lies  behind  the  thalamus  and  belongs  to  the  dien* 
cefdudon,  the  mammillary  portion  (Figs.  624,  625,  635,  643,  647  to  650)  in  other  words,  receives 

its  name  from  the  two  corpora  mammillaria  fcandicantia";i,  \\  !iit  h  form  its  main  substance.  These 
are  two  quite  jiromincnt,  rounded  or  elongated  eminences  of^lhe  base  of  the  brain,  lying  one  on 
either  side  of  the  median  line.  They  arc  separaletl  from  one  another  by  a  detp  median  lissure 
and  are  voy  conspicuous  on  account  of  thdr  pure  white  color,  which  contrasts  with  the  gray 
color  of  the  tuber  cinereum  lying  in  front  of  them.  Anteriorly  and  laterally,  they  are  not  very 
sharply  boimdcd;  the  occasionally  distinct  connections  which  ihry  may  show  with  the  lateral 
border  of  the  tuber  cinereum  and  the  anterior  perforated  substance  are  called  the  hrachia  of  the 
mammiliary  bodies.  Each  body  contains  two  nuclei,  the  nudei  oj  the  mammillary  bodies  (medial 
and  loferof). 

*  In  the  bnbemihr  tri|Dne  thoe  is  alio  a  tinall  nvcko^  tbe  Mdmbr  jvmlwii. 
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The  manunillan,'  portion  of  the  hypothalamus  also  presents,  in  addition  to  the  corpora  mam- 
millaria,  a  number  of  structures  not  visible  on  the  external  surface,  but  lying  beneath  the 
epcndyma  of  the  third  ventricle.  In  the  t'lrsl  place  there  the  covered  poriion  oj  the  columns  oj 
A*  loniae  (see  page  148),  which  extend  down  to  the  mairnnillaTy  bodies,  oi^  from  the  bodies 
other  fiber  tracts  pass  oS,  which  can  be  partly  seen  after  removal  of  the  covering  ependyma. 
These  are  the  thaiamo-mammUlary  jasrkulus  or  bundle  of  Vicq  d'A/.yr,  which  arises  as  a  thick, 
almost  vlindrical  m;iss  from  the  medial  ganglion,  and  courses  upward  and  medial,  to  terminate 
in  inc  ajiienor  nucleus  of  the  thalamus;  and  the  peduiuulo-mammiUary  jasciculus,  which  arises 
from  the  lateral  nudeus  and  passes  to  the  cerebrel  peduncle,  its  basUcr  forHon  to  the  base  of  tSbt 
pedunde,  and  its  kgmenifd  portion  to  the  tegmentum.  Furthermore,  this  put  of  the  hjrpothalamtis 
possesses  a  gray,  almond -shapc-d  nucleus  lying  below  the  thalamus  and  above  the  tegmentum  of 
the  cerebral  pedunc1e>,  the  nucleus  of  Luys  or  hypothalamic  nucleus,  while  the  remaining  gray 
substance  of  the  hypothalamus  is  known  as  the  gray  portion  oj  the  hypothalamus. 

THE  HBSBNCBPHALOK. 

The  mesencephalon  (Figs.  624,  637,  647,  and  652)  is  the  smallest  of  die  main  divisions  of 
the  brain  and  undergoes  the  fewest  changes  during  development  (see  page  125),  its  walls  thicken- 
ing very  evenly,  so  that  its  cavity,  the  cerebral  (Sylvian)  aqueduct,  is  the  narrowest  part  of  the  ven- 
Lriailar  system  of  the  brain  and  at  the  same  time  the  only  part  whose  walls  arc  throughout 
composed  of  nerve  tbsue.  Its  dorsal  portion  is  the  lanma  guadrigemiuaf  die  thidcer  ventral 
portion  the  cerebral  peduncles,  and  the  portion  between  these  latter,  titt  inUrpedunctUar  fo$S4. 
On  the  lateral  surface  are  the  brachia  quadrigemina. 

The  cerebral  aqueduct  passes  longitudinally  through  the  mesencephalon  lying  above  its 
axis.    It  begins  at  the  opening  of  the  aqueduct  where,  with  its  anterior  upper  end,  it  opens 

into  the  third  ventricle,  and  it  ends  bdow  and  posteriorly  m  fourth  ventride.  Its  axis  is, 
therefore,  oblique  from  anteriorly  and  above  to  posteriorly  and  inferiorly,  and  it  is  about  i\  cm; 

in  length  and  varies  considerably  in  diameter,  being  in  the  middle  of  its  course  almost  heart- 
shaped  and  at  the  two  ends  more  triangular,  or  even  "^-shaped.  Enclosing  the  aquetiuct  is  a  mass 
of  gray  substance  known  as  the  ccniral  gray  slraium,  in  whose  ventral  portion,  in  the  region  of 
the  anterior  corpora  quadrigemina,  is  the  mdeus  of  Ike  oadomaior  iwnw,  and  further  bade,  the 
lUideus  0}  the  trochlear  neroe. 

In  addition  to  the  nucleus  oj  the  descending  root  0}  the  trigeminus,  which  has  its  origin  in  the 
mesencephalon,  there  are  in  the  lateral  portions  of  the  central  gray  stratum  a  number  of  smaller 
nuclei,  e.  g.,  the  nucleus  of  the  posterior  commissure  and  that  of  the  medial  longitudinal  bundle. 

Tka  GOKPORA  QVAORIGBKINA. 

The  corpora  quadrigemina  (Figs.  624,  637, 648  to  650, 660^  and  661),  which  form  the  dorsal 
|)Ortion  of  the  mesencephalon,  are  white  on  their  superior  surfaces  and  lie  below  ;he  ^nlenium  of 
the  corpus  callosum  and  the  pulvinarcs  of  the  thalami,  and  form  a  plate,  the  lamina  quadrigemina^ 
upon  vdMee  anterior  portion  iSba  pineal  body  rests.  TUs  landna,  as  its  name  implies,  Is  divided 
by  m  cmcfldrm  fissure  into  four  eminoices,  of  which  the  anterior  larger  but  flatter  pair  is  Imown  as 
the  sttfertoft  and  the  posterior  smaller  one  as  the  inferior  cotticutus;  the  width  of  both  ooUiculi  is 
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abcNit  the  sune,  but  the  antoior  ones  aie  longer  than  the  posterior.  From  the  fissure  betweoi 
the  posterior  pair  the  fremAum  oj  the  anlenor  medtiUary  vebim  has  its  origiik,  but  at  its  anterior 
edg^  the  hun&ia  becomes  very  thin  and  u  ithout  any  sharp  line  of  demarcation  passes  over  into 

the  {X>stcrior  commissure  of  the  third  vcntrick'. 

The  brachia  quadrigemina  (Figs.  050,  OOo,  and  OOi)  extend  from  the  colUculi  to  the  region 
of  the  netathalamus  and  also  to  the  thalamus.  Flrom  each  of  the  superior  coUiculii  the 
superior  irackwm  ^uadrigemimm  passes  kterally  and  penetrates  the  subsUmoe  of  the  thala- 
mus close  to  the  medial  geniculate  body,  while  the  more  distinct  and  larger  injerior  brackkm 
passes  from  the  inferior  colliculii>  along  the  lateral  border  of  the  superior  colliculus  toward  the 
lateral  geniculate  txxly  and  posterior  end  of  the  thalamus,  where  it  also  is  ^adually  lost  in  the 
substance  of  the  thalamus. 

The  eer^bnA  fedamdes  (F^.  630^  643^  647  to  650,  and  66z),  whidi  form  the  ventral  surface 
of  the  nu  -encephalon,  are  two  divei^ng  broad  white  bands  lying  almost  conce;ile<l  at  the  base 
of  the  brain  and  having  an  almost  scmicylindrital  shaj>c.  They  diverge  at  their  exit  from  the 
anterior  bonier  of  ilu-  pons,  from  whic  h  tin y  are  ^rparatefl  by  a  transverse  fjsstin",  and  course 
anteriorly,  laterally,  and  superiorly  into  the  substance  of  the  prosencephalon,  thus  forming  the 
connection  between  cerebrum  and  brain  stem.  The  optic  tract  passes  bdow  the  anterior  portion 
of  tfu  cerebral  peduncle,  and  ihe  hippocampal  gyrus  with  its  uncus  covers  it  when  the  base  of 
the  brain  is  viewed  from  the 

The  medial  boimdar)'  of  the  cerebral  palunclc,  f".  c,  its  line  of  >c{)aration  from  th<-  int«T 
jxxiuncular  fossa  (,sce  below  j,  is  formed  in'  the  sulcus  oj  liu  oculomotor  nerve,  which  run.-^  parallel 
to  the  medial  b<wder  of  the  peduncle.  Fiom  it  the  roots  of  the  third  or  oculomotor  nerve  emerge. 
Laterally  the  peduncle  is  separated  from  the  lateral  portion  of  the  mesencephalon  by  the  lateral 
mesetueplhilir  sulrus*  The  white  surface  of  the  pedunde  exposed  at  the  base  of  the  brain  is 
distinctly  turrowecl  longitudinally. 

In  the  angle  between  the  two  cerebral  peduncles,  which  is  bounded  anteriorly  by  the  coqiora 
mammillaria,  the  inferior  surface  <tf  the  mesencefdialon  shows  a  deep  triangular  groove,  the  inter- 
peduHCular  fossa  (fossa  of  Tarini).  Its  ftoor  is  formed  by  the  poskrior  perjonUed  JufoAmce,  whkh 
is  gray  at  the  base  of  the  brain,  hu\  inlemally  is  largely  composed  of  nerve  fibers  and  thus  is  a 
whitish  plate;  it  derives  its  name  from  txini;  ]»cnctratrd  by  numerous  blood-vessels  passing  into 
the  base  of  the  brain.  It  extends  from  the  anterior  Ijorder  of  the  pons  to  the  corpora  mammiliaria, 
unites  both  peduncles,  and  by  its  upper  anterior  surface  forms  a  portion  of  the  floor  of  the  third 
ventricle.  It  deepens  towaxd  the  corpora  mammiliaria  to  fonn  the  anterior  recess,  and  toward 
the  ix)ns  to  form  the  posterior  recess. 

The  lateral  surface  of  ihe  mesenccitbalon,  which  lie--  Ijetween  the  lateral  border  of  the  lamina 
(luadrigemina  and  the  lateral  mesencephalic  sulcus,  is  formed  in  its  upper  portion  of  the  brachia 
quadrigemina,  and  a  Httle  lower  the  tegmentum  <d  the  pedtmde  benders  on  this  surface. 

In  contrast  to  the  cerebrum,  where,  except  in  a  few  places  ^larts  cl  the  thalamus,  hippo- 
campus), one  finds  a  quite  regular  distribution  ct  the  gray  and  white  substances,  the  mt*sen- 
cephalon  and  also  the  whole  brain  stem  shows  a  mudh  more  complicated  arrangement,  di£Eex«nt 

*  TtirM-  t'.v.i  suli  i  1)oun<l  only  the  f(x>t  of  (he  prrfurti    ,  whu-h  Is  all  (hftt  !>  vUtile  «t  tfio  bMe  of  the  ImiB.  Th9 

(cgmcnul  portion  of  Uk-  pcdunilc  lies  above  the  lateral  siuku». 
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cros^-scctions  of  it  showinf;  a  very  varying;  distribution  of  the  Tiber  tracts  ami  ^ay  nuclei,  a  ton- 
diiion  dc|>cnUing  largely  upon  the  occurrence  in  these  ]x>nions  of  the  brain  of  the  nuclei  of  the 
various  ctanial  nerves  on  the  one  liaiid,*  and  on  the  other  the  paths  wludi  pass  from  the  spinal 
cord  to  the  brain  and  I'ice  versa,  to  which  still  other  gray  nucld  and  shorter  paths  are  added 
(tor  instance,  from  the  cerebellum).  The  relation  oC  these  parts  can  be  best  studied  in  cioss- 
section-^  of  the  mesencephalon. 

In  such  sections  (Figs,  651  and  652)  one  sees  dorsal  to  the  cerebral  aqueduct  a  section  of 
lam&ia  quadrigcmina,  ventrally  a  section  of  the  cerebral  pedundes  united,  in  the  region  of 
the  tegmentum,  above  the  interpeduncular  fossa.  The  hunhia  shows  white  substance  on  its 
surface,  the  straium  zonalr,  but  below  this  lie-  fi;ra\-  >ul)stance,  which,  in  the  region  of  the  superior 
colliculi.  is  distributed  rather  diffusely,  forming  the  gray  stratum  of  the  suprrior  coUinilus.  while 
in  the  posterior  colliculi  it  forms  a  more  circumscribed  nucleus,  the  nucleus  oj  the  injerwr  collkulus. 
Below  the  gray  layer  there  is  a  mass  of  white  fibers  whidi  separates  the  covpora  quadrigemina 
from  Ae  central  gray  stratum  of  the  cerebral  aqueduct,  this  is  the  deep  wiHttfe  OrfOnm. 

Much  more  complicated  in  structure  is  the  larger  portion  of  the  mesencephalon,  which 
lies  below  the  cerebral  a(iucduct  in  the  rej^ion  of  the  cerebral  peduncles.  Here  in  the  fresh 
brain  a  dark  gray  substance,  almost  semilunar  in  shape,  the  substantia  nigra,  tan  be  seen.  It 
separates!  the  base  of  the  pedimcle  finm  the  tegmentum,  its  concavity  facing  the  latter.  The 
taw  of  the  pednndef  lying  below  this  mass,  conasts  exdusivdy  of  medullated  nerve  fibers  and 
iSf  therefore,  of  a  pure  white  color  and  is  semilunar  in  form  in  cross-sections.  The  masses  of 
fi.bers  form  bimd!e<,  from  whicli  the  furrows  on  the  surface  of  the  ])eduncle  have  their  origin. 

The  tegmentum  is  the  upper  portion  of  the  peduncle  and  lies  above  the  substantia  nigra. 
Superiorly  it  passes  over  without  demarcation  into  the  hypothalamic  region  and,  below  the  aque- 
duct, the  tegmenta  of  opposite  ^des  are  united.  In  this  region  the  fiber  tracts  lying  the  furthest 
mcHlially  cross,  forming  the  decussation  of  tkt  tegmenta.  The  tegmentum  itself  consists  of  longitu- 
<linal,  stroni^er  and  weaker  fiber  tracts,  between  w]u"ch  separate  gray  nuclei  arc  sittsated.  The 
lari;e-;  of  iht  latter  is  the  red  ntuieus  of  ihe  tegmentum,  lying  in  the  region  of  the  anterior  pair 
of  corpora  quadrigemina;  it  is  circular  in  cross-section,  is  of  a  reddish  color  in  the  fresh  brain, 
and  Bes  dose  to  the  median  plane,  that  is  to  say,  in  the  medial  half  of  the  tegmentum.  In  addition 
to  smaller  nuclei,  those  of  the  trochlear  and  oculomotor  nerves  mentioned  above  and  lying  in 
the  ventral  jKirlion  of  the  central  gray  stmtum.  belong  to  the  tcirmcntum.  The  root  fibers  of  the 
latter  partly  traverse  the  substance  of  the  red  nucleus  and  have  llu  ir  i  xil  at  the  sulcus  of  the 
oculomotor  nen^e.  Later  i  to  these  nuclei  is  the  reiicular  jormation,  a  mixture  of  small  groups 
of  ganglion  odb  and  nerve  fibers. 

The  fiber  tracts  of  the  te^jntmn  ori^ate  largely  in  the  brachia  conjunctiva  (Fig.  653), 
which  enter  the  posterior  y>orlion  of  tfic  tegmentum.  Here,  behind  the  red  nucleus,  they  form 
the  decussation  oj  the  brachid  conjunctiva.  Furthermore,  the  medial  longitudinal  jasnndus 
(sec  page  184)  appears  as  a  special  path  in  the  white  substance  of  the  tcgmenium,  just  l)elow  the 
central  gray  stratum  (between  it  and  the  red  nucleus)  and  dose  to  the  median  line;  it  courses  up 

*  With  tbe  exception  of  the  optic  and  olfactory  nerves,  which  differ  in  their  nflalioa  from  the  other  cerebral  nervca. 
t  The  wlisuiitU  nigra,  Mogrdiqgljr,  extends  between  the  mIcw  of  the  oculomotor  nerve  sad  the  l*ter«l  miIgui 
at  the  mcscnccphaloa. 
ni-ii 
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Fig.  651. — A  cross-section  of  the  mid-brain  in  thf  rrpfon  of  the  suporior  r ollirti!ir<?.  (Enlarged  4  limes.) 
i'lG.  6^2. — A  cross-section  of  the  mid-brain  in  the  region  of  the  inferior  coUiculus.    (Enlarged  4  times.) 

The  MiBewliat  oUiqudy  directed  KCtkm  io  J^.  ^53  hu  alio  included  a  poriloa  of  tlw  Mipnikial  bytr  tA  ihe  pans. 
Th.c  s{.(<  in:,  tis  have  been  fKpuvi  with  Wcifen'B  stain  far  the  medullary  iheatlw.  White  matter  (bctw  fibers),  dark  ; 

gray  matter,  clear. 


from  the  medulla  oblongata  to  ilic  region  01  the  hyiKJlhalamus,  where  il  comes  into  relation  with 
its  nucleus  mentioned  above  (page  159).  The  lemniscus  also  comes  into  consideration  (sec  page 
173).  It  lies  lateral  to  the  red  nudeus  and  the  decussation  of  the  bradiia  conjunctiva  and  cooststs 
of  the  lateral  lemnisr  us,  a  palh  of  auditory  fibers  running  to  the  geniculate  body,  and  the  medkU 
lemniscus,  going  to  llu-  (li;daina>.  The-  dtSLCtulitig  root  a]  the  trigeminus,  which  is  connected 
with  the  nurletis  mcntionoi  alio\  c.  can  al><)  be  ret  (urnizcd  as  a  special  path  in  the  dorsal  portion 
of  the  tegmentum,  lateral  to  the  central  gray  .Ntratuni. 

A  small  ganglitm,  known  as  the  interpeduncular  ganglion,  lies  on  the  floor  of  the  umilarly 
named  fossa  in  the  posterior  portion  of  the  posterkv  perforated  substance. 

THE  Rhombencephalon. 

THE  RHOMBBNCBPIIALIC  BTHMUS. 

The  rhombeiKephalic  islhmun  fFig<.  648,  650,  660,  and  661)  is  that  portion  of  the  rhomben- 
cephalon which  forms  the  connection  witli  tin-  rm  --fni  ('])halon.  Tt  includes  the  brachia  conjunctiva, 
the  trigone  oj  tite  lemniscus,  and  the  anterior  medullary  velum.  These  parts  form  tlu-  dorsal  and 
htteral  poitkms  of  the  isthmus,  its  ventral  portion  formed  by  the  most  anterior  purtion  of  the 
floor  of  the  rfaomboidal  fossa  (see  page  170),  and  its  cavity  is  the  portion  of  the  fourth  ventricle 
which  fidlows  immediately  up>on  the  cerebral  aqueduct. 

The  hrnrhium  ronjunctivum  ('Fip;s.  650,  65.%  655  to  659,  and  660  to  661)  (of  the  cerebellum) 
unites  on  either  side  the  cerebeilum  and  mesencephalon,  whence  it  has  been  spoken  of  as  the 
cerebellar  cms  to  the  corpora  quadngemina  or  to  the  cerebrum.  Each  b  an  oval  bundle,  and 
the  two  diverge  backward  and  downward  toward  the  cerebellum  almost  (oudiing  one  another  at 
thdr  anterior  ends,  where  they  sink  beneath  the  inferior  cohiculi  into  the  tegmentum  of  the 
cerebral  peduncle,  while  posteriorly  they  enter  the  <  t  ril>il!um  through  the  transverse  cerebellar 
fissure.  Here  the  bradiia  come  in  close  contact  with  the  brachia  pontis  *  and  form  by  their 
inferior  anterior  surfaces  a  part  of  the  roof  of  the  fourth  ventride. 

Between  the  two  brachia  conjunctiva  a  thin  white  hunina,  the  anuria  tnedi^tary  vdurn^ 
is  stretched.  It  is  triangular  in  form,  consists  of  nerve  fibers,  among  Others,  of  the  libers  of  the 
trochlear  ner\c,  which  decussate  in  it,  and  below  and  posteriorly  it  passes  over  into  the  medullar}* 
mass  of  the  vennis  of  the  cerebellum  (sec  page  165).  Its  ventral  (anterior,  inferior)  surface, 
together  with  the  brachia  conjunctiva,  bounds  the  anterior  part  of  the  fourth  ventricle  above,  its 
dorsal  surface  is  largely  fused  with  the  lingula  of  the  vennis  which  lies  upon  it,  and  anteriorly 
a  narrow  gray  strip,  known  as  the  frenulum  of  the  animor  meiuttary  vdum  (valve  of  Vieussois), 

*  In  tlic  groove  liclween  tlu-  1  r.i<  hittm  rnnji. m  tivuni  nn-I  Oh-  Virachiuni  ponfii;.  h  ^ippcars  as  a  Sort  nf  cxti  nsion 
of  the  lateral  mceencu^pholic  sulcus,  some  distinct  fiber  tracts  often  make  iheir  ap{icarancc  an  the  surfacx  and  arc  knon-n 
a*  liKrttl  fia  af  ih*  font.  Tkey  paaa  along  the  aaterior  border  of  the  pon. 
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on  either  side  of  which  ihe  trochlear  nen  e  has  its  origin,  is  continued  forward  to  the  quadrigcminal 
plate. 

On  the  latctal  surface  d  the  rhomboicephalic  isthmus  is  a  triangular  area,  the  trigone  o} 

the  lemniscus  (Fig.  66i),  bounded  laterally  by  the  lateral  mesencephalic  sulcus,  which  separates 
n  from  the  cerebral  {HtlunclL,  medially  by  ihc  lateral  border  of  the  upper  fjortion  of  the  brachium 
conjunciivum,  ajid  anteriorly  by  the  inferior  quadrigcminal  brachium.  It  contains  the  lemniscus 
(.see  page  173),  which  is  superficial  in  this  part  of  its  course  and  enteis  the  mesencephalic  teg- 
mentum lateral  to  the  brachum  conjunctivum.  It  is  distinguishable  from  the  pure  white  brar 
chium  by  its  somewhat  grayish  color. 

THE  METENCH>HALON. 
THE  CBUDBLLUM. 

The  cer^tUtm  (Figs.  623,  694,  647,  648,  and  653  to  658)  is  a  spMially  marked  portion  of 
the  whole  brahi,  not  only  on  account  of  the  form  of  its  suifac*-  but  also  because  of  its  internal 

structure  and  comf>aratively  isolated  position.  Accordinj^  to  its  development  it  belongs  to  the 
rhombpnccf>halon  and  it  consists  of  two  hemispheres,  the  main  lateral  divisions,  united  by  a 
median  unpaired  mass,  the  vermis. 

The  shape  of  the  whole  cerebdlum  is  that  of  a  transverse  dUpscid.  Since  it  is  united  to  the 
brain  stem  alone,  and  to  this  only  by  the  three  cerebellar  pedundes  (thebrachia  conjunctiva, 
brachia  [xjntis,  and  the  restiform  bo<!ii.-~i,  its  surfaces  arc  cvcr\'"(vhrrc  free  and  for  the  most  part 
convex.  One-  main  surface  looks  upwanl  and  at  liic  same  time  backward  and  is  moderately 
convex,  but  in  such  a  manner  that  the  vermis,  which  here  passes  over  into  the  hemisphere  without 
any  line  of  demarcation,  is  the  most  prominent  portion  of  the  surface,  resembling  the  ridge  of 
a  low  roof.  This  suifaoe  of  the  cerebellimi  u  separated  from  the  adjacent  portion  of  the  cerebral 
hemispheres  by  the  tentorium  cerebelli  (see  page  iSfjI.  The  most  anterior  end  of  the  vermis 
extends  almost  to  the  splenium  of  the  coq)US  callosun-i  and  to  the  lamina  quadripcmina. 

The  second  main  surface  of  the  tercbellum  looks  downward  and  is  largely  ^•isible  on  the 
uninjured  base  of  the  brain  (see  page  133);  it  rests  upon  ttte  floor  of  the  posterior  cranial  fossa. 
The  hemispheres  are  more  convex  on  this  surface  dum  on  the  upper  one,  and  bdow  die  inferior 
vermis,  which  i>  -harply  defined,  there  ii;  a  broad  shallow  invagmation,  the  vallecula  of  the  cere- 
bellum, in  which  the  medulla  oblongata  rp^ts. 

The  two  main  surfaces  of  the  cLrcbclium  unite  laterally  and  posteriorly  in  strongly  convex, 
rounded  borders.  Anteriorly  and  posteriorly  these  borders  present  concavities,  known  as  anterior 
and  posterior  notches;  the  latter  passes  over  into  the  vallecula  of  the  cerebellum.  Since  the 
upper  and  lower  surfaces  of  the  hemispheres  meet  posteriorly  and  laterally  in  a  rotmded-off  acute 
angle,  a  posterior  surface  of  the  ccrchcllum  cannot  be  rlistint^ui-hed.  An  anterior  ran  be  ro<-OE;- 
nized,  however,  in  whose  middle  portion  the  cerebellum  is  uniletl  with  the  Ijrain  stem,  while  its 
lateral  portions  are  freely  exposed  at  the  base  of  the  brain.  The  more  median  portion  w  txans- 
vendy  depressed  between  the  oerebdlar  pedundes  of  either  side  and  the  anterior  portion 
(nodule)  of  tiie  inferior  vermis,  w^hich  forms  the  floor  of  the  \  allecula.  This  depression  is  known 
as  the  trnnr.'rrse  cerebellar  fissurr  and  its  inferior  boundary  is,  in  addition  tO  the  nodule  of  the 
vermis,  the  posterior  medullary  velum  (see  below). 
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Fig.  653. — ^The  cerebellum  viewed  from  above  and  behind. 

Fit;.  654. — The  ccrcbelltim  viewed  from  below. 

Fig.  6ss- — '^'be  anterior  aspect  ol  the  cerel>ellum  (divided  from  tlie  bcain-stem). 
Fig.  656.— The  inferior  aspect  of  the  cerebellum. 

All  of  the  brain-stem  oxcept  the  antt-rior  portion  of  the  pons  has  Ik  ■  11  removed  by  a  curved  incision  |ia&ung  ihroogh 
the  pont.   The  toosls  and  the  contigoous  portkm  o(  the  biveotrai  lube  have  been  removed  10  show  the  nidttt  »vi«. 


The  surface  of  the  cewbdlum  is  fonned  of  gray  substmce  ^riiich  is  divided  off  into  separate 
small  ocmvoltttioDs  by  the  ceiebdlar  sulci,  which  are  more  or  lessdeefdy  penetrating^  narrow,  and 
generally  parallel  furrows.    The  surface  of  these  cerebellar  gyri  is  covered  by  the  cerebellar  (ori'u  a! 

substanrf,  which  flifTcrs  from  th;il  of  Iht- cerebrum  in  its  mk  roscopic  structure.*  The  sulci  and, 
accordingly,  also  the  gyri  ha\e  almost  without  exception  a  horizontal  or  at  the  most  a  sligiilly 
oblique  course,  and  deeper  sulci  separate  several  small  groujis  of  g)Ti,  called  cer^Mhr  lobul^is. 
Tint  various  lobules,  which  differ  greatly  in  size,  and  the  gyri  also  have  as  their  central  substance 
delicate  medullary  lamina  (see  page  365}.  Gyri  as  well  as  sulci  and  even  lobes  pass  without  mtcr- 
ruption  from  the  hcmis]>hprc  to  the  vermis,  es|X'ciilIly  on  the  stijH'rior  surface,  ne\-cnhcl(^'^  the 
lobules  of  the  hemis[)heres  have  different  names  and  also  a  dilTercnt  form  from  those  of  liic  vermis. 

The  Cerebellar  Hemisphere. — Each  cerebellar  hemisphere  (Figs.  653  to  658)  is  divided 
hito  a  superiw  and  inferior  surface  by  the  horistonid  sulcus,  whidi  runs  horizontally  along  the 
rounded  lateral  border.  Larger  suld  divide  the  superior  surface  into  four  tobules,  which  from 
before  backward  arc: 

T.  The  vinmlum  0;  llie  lingula  (Kig.  fy^s^.-  rnnpi>ting  onlv  pf  a  few  flat  con\ olution^,  v  l.ich 
are  the  lateral  prolongations  of  the  lingula  of  the  vermis,  resting  upon  the  anterior  medullary 
velum,  and  extending  toward  the  posterior  portion  of  the  farachium  pontis. 

2.  The  ala  0}  ike  central  UAule  (Fig.  653),  also  consisting  of  but  few  gyri,  which  pxolang  the 
central  lobe  of  the  \  f  rmi<  laterally  and  lie  along  the  anterior  cerebellar  notch. 

3.  The  quadrangular  lobule  (Fig.  6^7,),  forminq  tlic  main  [>ortion  of  thr  st!prrior  surface 
of  the  hemisphere,  and,  since  il  corresponds  to  the  culmen  and  declive  of  the  monticulus  of  the 
vermis,  being  divuied  by  a  deep  fissure  into  an  anterior  and  a  posterior  part 

4.  The  supgtkr  semihtnar  kbule  (Fig.  653),  whidi  is  a  semilunar  lobule  pointed  at  the  ettd» 
with  a  lateral  side  and  a  medial  narrow  one,  and  which  is  separated  from  die  lower  horizontal 
lobule  by  a  similarlv  namtfl  "^vlrus. 

The  inferior  cerebellar  surface  is  also  divided  into  four  lobules,  which  follow  the  other  series 
in  this  manner: 

1.  The  inferior  seMilunar  lohute  (Fig.  654),  lying  bdow  the  horizontal  sulcus  and  in  contrast 

to  the  superior  semilunar  lobule,  having  a  broad  mwlial  and  narrow  lateral  border.  It  corre> 
spends  to  the  tulx  rt  Ic  of  the  vermis  and  in  its  lateral  |x)rtion  has  vcm-  narrow  (ry-n. 

2.  The  Mms  hiventer  1  !■  iirs.  654  and  656)  is  much  narrower  on  its  mesial  than  on  its  lateral 
»de,  and  consequently  its  g}  ri  are  only  approximately  parallel  and  laterally  have  no  longer  a 
horizontal  direction.  A  deep  curved  sulcus  divides  it  into  a  lateral  and  a  medial  portion.  This 
lobe,  which  corresponds  to  the  pyramid  of  the  vermis,  is  always  distinctly  separated  from  the  two 
neighboring  ones. 

*  See  the  SobolU-Huber  Hhhlogy,  Lehnwnn'a  JMiee/  Hand-Allatet,  Vol.  XXVI. 
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3.  The  HntsS  (Ffgk  654  and  656)  i>  an  almost  oval,  very  prominent  lobuk,  which  fies 
between  the  preceding  one  and  the  vallecula.  Its  fissures  and  Lon\olutions  are  the  only  ones 
of  the  cerebellum  which  run  almost  vertically.    It  corresponds  10  the  uvula  of  the  vermis. 

4.  The  jbcculus*  (Figs.  654  to  656)  is  a  small  peculiar  stalked  lobe  which  hes  at  the  pos- 
terior holder  <rf  the  bradiitim  pontu  in  front  of  the  lobus  Inventer,  in  the  prolongation  of  die 
horizontal  sulcus  which  separates  this  from  the  quadrangdar  lobule.  It  consists  of  only  a  few 
pri,  separated  \>\  noKht-d  >u!ri,  and  is  connected  with  lis  rorresjxinding  lobule  in  the  vermis, 
llie  ncxlulc,  only  incjircctly  bv  means  of  a  meflullary  band,  llu  pfdunde  oj  the  flocntlus,  which 
jxisieriorly  passes  over  into  a  ihm  ianuna,  ihc  posterior  medullary  velum.  This,  with  the  peduncles 
of  the  flocculus,  lies  behind  the  brachitun  pontis  and  resttform  body,  between  these  and  the 
anterior  border  of  the  tonsiL  It  bounds  a  groove-like  depression  on  the  inferior  surface  of  the 
cerebellum,  in  which  the  tonsilla  rests  and  which  is  called  the  nidus  avis.'f 

The  interior  of  ihe  hemisphere  (Fig.  658)  consists  of  a  white  medullar}'  mass,  the  medullary 
body,  which  is  most  compact  in  the  center  of  the  hemisphere  and  penetrates  in  the  form  of  the 
various  branched  medullary  lamtnie  mto  the  lobules  and  the  individual  g}-n.  In  this  manner  . 
a  stnictuie,  called  the  arbor  vikx^  is  formed,  which  is  shown  by  a  cross-section  at  ri|^t  angles  to 
the  convolutions,  at  an  angle  of  45  degrees  with  the  mitlian  plane.  The  medullary  mass  of  the 
lumtsphere  contains  a  number  of  gray  nuclei  or  ganglia,  of  which  the  most  import  ant  is  the 
deniate  nucleus  (.Figs.  657  and  658).  It  is  a  much-folded  thin  plate  of  gray  substance  which  is 
interrupted  medially  by  the  medullary  mass.  The  place  of  interruption  is  known  as  the  hilus, 
and  a  layer  of  nerve  fibers  which  siurotmd  the  gray  substance  of  the  nudeus  is  the  capsuU^ 
Its  grratrst  li  n^ih  is  in  the  direction  of  the  prolonj^tion  of  the  brachia  conjunctiva. 

In  close  relation  with  the  dentate  nucleus  are  the  remaining  smaller  niu  k  i  of  the  cerebellum 
(Fig.  'i^B^  whirl)  also  lie  in  the  medullary  mass,  but  extend  partly  into  the  tegion  of  the  vermis. 

Immediately  medial  to  the  dentate  nucleus  is  the  elongated  embolijorm  nucleus;  on  the 
medial  surface  of  this  is  the  nudms  gMwsKi,  consisting  cS  two  or  three  parts;  while  die  nudeus 
jasiigii  is  in  the  upper  portion  of  the  medullacy  body  of  the  verms  dose  to  the  median  {rfane 
and  just  above  the  fourth  ventricle. 

The  three  cerclH-llar  peduncle^  radiate  from  t!ie  medullary  mass  of  the  cerebellum;  they 
contain  the  fiber  tracts  and  connect  the  cerebellum  with  llie  brain  stem.  The  largest  of  the 
three  is  the  middle  one^  the  brcehium  0}  Ihe  pons  (Figs.  650,  655,  660,  and  668).  To  it  there 
is  added  from  below  the  resHfom  Myt  whidi  comes  from  the  medulla  oblongata,  while  the 
flat  brachium  conjunetivum  superiorly  and  medially.  All  three  eater  the  cerebeUimi  through 
the  transverse  cercbtllar  fissure. 

The  Vermis. — I'hc  vermis  (Figs.  648  and  653  to  656)  is  the  narrow  middle  connection 
between  the  two  cerebellar  hemispheres.  The  portion  of  it  which  forms  part  of  the  superior 
cerebellar  surface  {wojects  above  the  level  of  the  hemispheres  and  is  called  the  superior  tvrmis, 
while  the  lower  portion,  which  lies  in  the  vallecula  forming  the  floor  of  that  groove,  is  the  inferior 
vermis,  and  is  much  more  distinrtlv  separated  from  the  hemispheres  than  the  superior  vermis, 
from  which  it  is  sefiaratKl  by  the  transverse  cerebellar  ri>.sure.    In  the  region  of  the  posterior 

*  In  addition  to  the  actual  florculiia,  secondary  flooculi  someiioncs  occur  along  the  border  of  the  brachium  fjontia. 
tThe  nSdtu  a«ts  doe*  mt  ippcar  undl  the  tomflk  it  removed,  and  ia.  therefore,  an  artifirial  product. 
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Fic.  657. — The  boundaries  uf  the  fourth  wiUricle  exposed  by  &  partial  removal  of  the  cerebeUum. 
The  vennis  of  the  cerebellum,  rxccpting  the  lingula  and  the  nodwlci      been  out  amy,  and  the  poMerior  lulvci 

of  till-  heRiis|>h(  n  n^>  >v>  <I  )  v  an  Uniost  vcTtical  sectiun.  The  tuiuil  and  the  faiweolnl  lobe  haveain  been  removed 
from  th«  left  hemisphere  to  expose  ihe  (>osieriar  medullary  vdum. 

Fig.  6$8. — croSBpfiection  of  tlie  coebelliim  in  the  direction  of  the  brachia  conjunctiva. 


cerebeUar  ootdi,  however,  it  (losscs  ov  er  gradually  into  the  sup«ior  vermis,  so  that  the  suifaceof 
the  whole  vennis  iqwesoits  about  three-lourths  of  a  circle  and  is  marked  with  distinct  transverse 

fissures. 

Like  ihc  hemisphere,  the  vermis  is  divided  into  eight  subdivisions,  there  being  lour  lobules 
in  the  superior  and  four  hi  the  inferior  vennis.  Those  of  the  superior  vermis  are:  j.  The 
Ungula  (Fig.  655),  the  smallest  lobule,  consisting  of  four  to  five  narrow,  flat  gyri  which  lie 
upon  the  dorsal  surface  of  the  anterior  medutlaty  velum.  It  corfesponds  to  the  vinculum  of 

the  lingula  on  the  hemispheres. 

3.  The  centrtU  lobule  (Fig.  658J  is  also  small,  aliliough  it  is  larger  than  the  lingula  and  has 
in  its  interior  a  meduUarjr  lamina  covered  with  gray  cortex  on  both  sides.  It  is  situated  id.  Ae 
anterior  cmbellar  sulcus  behind  the  corpora  quadrigemina,  covers  in  the  lingula,  and  passes 
over  into  the  ala  of  the  central  loljule  of  the  hemisphere. 

3.  The  monticulus  (Fig.  653),  the  larfrc?t  portion  of  the  superior  vermi?  and,  in  fact,  of  the 
whole  vermis,  forms  the  ridgc-likc  projection  oi  the  surface  of  the  cerebellum  and  is  steeply 
inclined  forward  toward  the  central  lobe,  but  a  little  less  so  posteriorly  toward  the  folium  of 
the  vermis.  Its  anterior  portion,  which  is  the  most  prominent,  is  called  the  oilmen,  and  its  pos- 
terior portion  the  dedivc.    It  corresponds  to  the  quadrangular  lobe  of  the  hemisphere. 

4.  TIk-  jitli'uni  i  Fii^s.  653  and  654)  is  situated  in  the  po?fcrinr  rcrobcllar  sulcus,  and  is  a  low 
fold,  divided  into  but  few  convohiiion-:.  which  unites  the  superior  scmilvmar  lobules. 

The  inferior  vermis  is  divided  into: 

1.  The  liffer  (Fl%.  654),  which  also  lies  partly  in  the  regioin  of  the  posterior  cerebellar 
sulcus  and  unites  tlu  inferior  semilunar  lobules  of  the  hemisphere. 

2.  The  pyramid  (Fig.  656)  is  much  broader  at  its  posterior  than  at  its  anterior  end  and 
thus  obtain^  it<  name.    It  corresponds  to  the  lohns  biventcr  of  ihc  lumi-jiherc. 

3.  Tlie  Mi/w/a  (Figs.  655  and  656)  is  elongated  und  lies  iRiween  ilie  two  tonsils  of  the 
hemispheres. 

4.  The  nodule  (Figs.  655  and  656)  is  tine  most  anterior  lobule  of  the  \'crmi$,  bordering 

directly  iijion  ihe  transverse  cerebral  fissure.    It  is  round  and  corresprads  to  the  flocculus,  with 

whicli  ii  ;-■  < oiiruncfl  by  the  pffi'incle  of  the  flocculus. 

1  he  lobules  of  the  vermis  and  the  hemisphere  are  related  to  one  another  in  the  following 
manner: 


Hrmhfihfrf. 
I  I.  \'inruluin  of  the  lingula. 
SupiTidr      I  2.  .\!a  of  f  eolr.il  luljulc. 
surface,  i       (lua<lr;inKular  lc)1>ult-, 


Infi  ri.fr     i  ?.  I.ohus.  biventer. 
surface.     3.  Tonsil. 

I  4.  FkircTilua 


I  4.  SiitK'riiir  st  niilunar  Idliulo. 
<  I.  Infrricir  semilunar  lulnile. 


5  Monticulus. 

1-  l  iilium. 

1.  lulxT. 

7.  P\Tamid. 


3.  Uvula. 

4.  Nodule. 


dentisa/ion  ef  bnchia  nnjunctiva 
mudial  Icagilttdlnal  fattkulas  . 

bnuhiam  conjanctirum 
pay  lajtr^ 


fhombold  fossa  ttaprrlor  periloifi 


interior  medullary  vttum 

Unpila  of  ctrrbeUum 
fitslicial  niuteus 

luiut  oj  lUntalt  nnelna 


dentate  nadeus 


medullary  laminae , 


medal lofj  tmkstanre 
ktmlsphtrt 


embottform  luuteat 


globose  nucUus         trfi-mls  ter^Mlar'nolch  'f 
(iuperior 
portion)  X 


fig.  658. 
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The  mftlulkry  btKly  of  the  vermis  (Figs.  624  and  648)  is  much  thinner  than  that  of  the 
hemisphere,  and  passes  over  into  the  anterior  medullary  velum,  vipon  which  the  hngula  of  the 
vennis  lies,  without  any  line  of  demarcation.  The  medullar^'  lamina:  which  it  sends  out  are  also 
much  more  delicate  than  those  of  the  hemisphere,  ao  that  upon  median  crosa-sectioii  ol  the  vermis 
one  gets  the  beautiful  figure  of  the  arbor  vita  of  the  vermis.  The  mcdullaiy  body  of  the  vermis 
with  the  anterior  medullary  vdum  forms  a  part  of  the  roof  of  the  fourth  ventricle  (see  page  172). 


The  pons  (Figs.  62$^  624, 643, 64^,  648,  and  661)  is  a  broad  white  mass,  lying  at  the  base  of 

the  brain  and  separated  anteriorly  from  the  cerebral  jKflundes  by  a  distinct  groove  and 
posteriorly  also  from  the  medulla  oblongata.  Laterally  it  i?  ronnerted  to  the  rerpbpllum  by 
the  brachia  ponti-  anrl  anteriorly  and  posteriorly  it  is  continuous  with  the  cerebral  peduncles  and 
the  medulla  oblongata.  Its  surface,  vhidi  forms  part  oS  the  base  oi  &e  brain,  is  decidedly  convex 
in  the  transverse  direction,  but  in  the  middle  line  has  a  shallow  anteroposterior  groove  called 
the  basilar  sulcus,  whit  !i  Itxlgcs  the  basilar  artery. 

In  ^hapc  the  ventral  surfac  0  is  quaflran><ular  and  it  is  marked  by  distinct  transverse  lines  and 
fosures  corresponding  to  the  cour.s<'  of  the  supcrricial  pons  fibers.  An  oblique  filx;r  tract  which 
runs  from  an  anterior  medial  to  a  posterior  lateral  direction  toward  the  brachium  pontis,  is  usually 
quite  dutinct  and  is  known  as  the  oblique  faseieulus.  This  surface  lies  upon  the  clivus  of  the 
posterior  cranial  fossa. 

The  |>ons  is  connrrted  with  the  cerebellum  on  either  side  by  the  large  l)rachia  pontis,  while 
its  dorsal  surface  forms  the  tloor  of  the  fourth  ventricle  and  really  represents  the  intermediate 
portion  of  the  rhomboidal  fossa  (see  below).  This  dorsal  surface  is  gray,  while  the  ventral  and 
lateral  surfaces  are  white.  The  portion  of  the  prais  taking  part  in  the  formation  of  the  rhom- 
boidal fossa  i-  known  as  the  dorsal  portion  and  differs  coosidivably  in  its  entire  structure  (see 
pi^e  175)  from  the  ventral  or  basilar  porlhyn. 

The  hrncJiium  pontis  i?  a  thick,  round  mass  of  fiber?  which  passc-s  from  the  lateral  jiart  of  the 
pons  and,  thinning  a  liiile  at  lirst  and  then  thickening  ;  gain,  enters  the  medullar)'  mass  of  the  ccre- 
bdlar  hembi^ere  near  the  brachium  conjunctivum.  From  its  base  the  largest  of  all  the  cranial 
nerves,  the  trigeminus,  has  its  origin  just  in  front  ol  the  oblique  fasciculus.  VNliere  it  enters  the 
cerebellum  it  is  covea-d  by  the  lobules  of  the  latter  above,  Ix-hind  by  the  quadrangular  lobe, 
and  below  by  the  lobus  Hi  venter,  and  ("Specially  by  the  florrulus.  Between  its  po^iterior  border 
and  the  anterior  end  of  the  olive  (see  below)  the  acoustic  and  facial  ncr\cs  have  their  exit. 


The  medulla  oblongata  (Figs.  633,  634,  642,  647^  650,  660,  and  661),  the  direct  prolonuation 
of  the  spinal  cord,  has  the  shape  of  a  cylinder  somewhat  enlarged  at  its  anterior  end.  At  its 
lower  end  it  b<x-omes  dtrertly  continuous  v.ilh  the  spinal  cord,  while  its  up|»or  end  f»asses  into 
the  }x>ns,  from  which  it  is  separated  on  the  ventral  surface  by  the  groove  menlionc<l  abo\e. 

So  far  as  its  external  form  is  concerned,  the  medulla  oblongata  greatly  rcsonbles  the  spinal 
cord,  especially  on  its  ventral  surface  and  m  its  lower  half.  The  anUrior  median  fissure  of  the 


THb  pons. 


ThB  IUkDULLA  OBLONGATA.  (MyBLBNCBPHALON.) 


*  For  the  latent  Sla  ol  the  pons,  ace  page  t6>. 
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Fig.  660. — The  quadrigeniinal  tRnnm  ind  the  rhomboid  fossa  aw  viewed  from  behind. 
The  cerebelluQ  wad  the  pineal  body  have  bwo  nmoved;  the  potterior  extremity  ot  the  thaiuniu  may  be  teen. 
Fig.  66x.— Tbe  same  prep«uatH>ii  viewed  from  the  l«ft  and  somewhat  from  behind. 


cord  is  prolonged  ihroughoul  the  enlirc  Icnglh  ol  ihc  medulla  and  forma  at  its  upper  blind  cn<i, 
toother  with  the  transverse  groove  between  the  medidU  and  pons,  a  depression  known  as  the 
[cramen  cacttm.    At  the  boundar\'  between  the  spinal  ooid  and  the  medulla  the  longitudinal 

fissure  is  interrupted  by  the  crossing  of  the  pyramidal  tract  of  the  cord,  this  bundle  [>as<ing  from 
the  lateral  funiculus  of  one  side  oblitiuely  through  the  longitudinal  fissure  to  the  anterior  funiculus 
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'Posterior  intermectiiUr  sulcus 
Fk.  659.— ExfilMMtiaQ  and  additioiu  to  Fig.  66ew   The  ala  cinewa  la  shaded. 


oi  the  other  side.  This  cros,sing  is  krmeti  the  pyramidal  dicussation,*  and  the  anterior  funiculi 
of  the  medulla,  now  containing  all  the  pyramidal  fibers  and  lying  as  continuations  of  the  anterior 
funiculi  t  of  the  spinal  cord,  next  to  the  median  fissure,  are  called  the  pyramids.  Laterally  these 

•The  fil>crs  of  the  anliTUir  pyr.imiii.il  (ast  ii  ulus  (sir  page  1 16)  had  the  samt-  (xisition  in  the  cord, 
-f  In  reality,  the  pyramids  are  nut  the  real  cuntinuatioo  oi  the  anterior  funiculi.    Tbey  merely  push  the  anterior 
fasdculut  propriua  fflev  p«fle  ti6>  laleraUy  aod  occupy  tbe  space  near  the  median  plane. 


Digitized  by  Google 


Digitized  by  Google 


THE  NERVOUS  SYSTEM. 


169 


are  bounded  by  the  prokiigations  of  the  anterior  latmal  suld  of  the  cord,  bom  whkh,  m  the  upper 
portion  of  the  medulla,  the  twelfth  or  hypoglossal  ntrvts  have  their  origin  by  a  number  of  root 
fibers,  while  in  the  lower  portion  of  the  medulla  the  root  fibers  of  ihe  first  cervical  ncn'cs  emerge.* 
In  the  prolongation  of  the  lateral  funiculi  of  the  cord  in  the  upper  portion  oi  the  medulla 
there  is  near  the  pyramid  and  separated  from  it  by  the  msUHor  lateral  sitlcus  an  elongated  ellip- 
tical prominence,  the  oinv,  which  is  ol  a  white  cdor,  as  !s,  indeed,  the  whole  ventral  stirface  of 
the  medulla  oblongata.  A  considerate  partion  of  the  lateral  funiculus,  however,  passes  lateral 
to  the  olive  and  ascends  toward  the  ]'on<,  artfl  there  arc,  evert  externally,  cviflcnce?;  of  extensive 
chantre^  in  thi^  latoral  funi(  ulus  (ompared  with  that  of  the  cord,  the  remains  of  the  enlarged 
jxfeierior  horn  of  the  cord,  for  instance,  coming  to  lie  just  below  the  surface  in  the  vicinity  of  the 
fasciculus  and  forming  the  ttiberaihtm  cinereum.  The  root  fibers  d  the  eleventh  or  ccctssory 
nerve  have  their  exit  from  the  lateral  funiculus  alonir  t!u-  whole  Id^jth  of  the  medtilla  oblo^atai 
and  in  it<  upper  part,  lateral  to  the  olive,  the  fi!)er>  uf  the  glossopharyngeal  and  vagus  nerves  make 
their  ap^xarance,  and  at  the  upper  border  of  the  olive  may  be  seen  those  of  the  /acio^  and  acoustic 
nerves. 

Just  as  the  anterior  fuidcuB  of  the  cord  pass  insensibly  into  those  of  the  meduUa,  so  also  is 
it  with  the  posterior  funiculi.   Each  of  these  presents  two  very  differendy  shaped  portions.  In  its 

lower  portion  each  is  in  even'  re^pcrt  similar  to  the  corrl,  hut  it-^  upper  portion  form.s  a  part  of  the 
floor  of  the  fourth  ventrit  le  and  the  injerior  porlion  oj  iiir  rhotnlxiiJa!  jossa.  Consequently,  the 
posterior  median  sulcus  oi  the  cord  is  net  continued  throughout  the  whole  length  of  the  medulla, 
but  only  through  its  lower  half,  its  upper  being  cut  off  by  a  transverse  triangular  medullaiy 
fold,  the  obex.  The  paskriar  iniermediate  stdcus,  which  ts  quite  distinct  in  the  cervical  portion  of 
the  cord,  passes  up  a  little  higher,  and  the  fasciculus  gracilis,  lying  between  it  and  the  posterior 
median  sulci!*:,  form?  at  its  en(i  a  chib-shai)e<l  swelling,  the  r!az'':.  The  lateral  portion  of  the 
posterior  funiculus  behaves  similarly  at  its  passage  into  the  medulla,  the  fasciculus  cuneatus 
forming  somewhat  lateral  to  and  above  the  dava  the  tubercidum  cmuaiumf  which  is  separated 
from  the  tuberculum  dnereum  (mentioned  above)  by  the  posterior  hteml  sukus. 

Alx)ve  the  davae  and  medial  to  the  ^imeate  tubercles  is  the  inferior  portion  of  the  rhom- 
boidal  fossa  (sec  page  170),  and  on  cither  side  of  it  a  flattened  bundle  formed  from  portions  of  the 
{)osterior  funiculi  and  also  from  prolongations  of  the  lateral  funiculi  of  the  cord,  especially  of  the 
direct  cerebellar  fasdculus  (see  page  116).  It  curves  upward  to  the  cerd»eUum,  lying  along 
the  posterior  inferior  border  of  the  braditum  pontis,  and  with  this  enters  the  transvetse  cerebellar 
fissure;  it  is  knowTi  as  the  rcstijorm  body. 

The  dorsal  surface  of  the  meduUa  oblongata  extends  in  the  floor  (  f  the  rhomboidal  fossa  to 
about  the  transverse  stria?  (see  below),  but  in  this  region  there  is  no  ^harp  line  between  medulla 
and  pons,  so  that  in  the  description  of  the  rhomboidal  fossa  (page  170)  both  {x>rtions  will  be 
considered  together.  Just  as  there  is  a  gradual  change  in  exteinal  form  from  the  spinal  cord  to 
the  medulla  oblongata,  so  too  there  is  a  gradual  rearransn  nu  nt  of  the  separate  parts  of  the  cord, 
both  the  fjray  and  the  white  substance  bein^j  roncemid  in  the  chan^^e.  so  that  below,  even  in  its 
internal  structure,  the  medulla  oblongata  resembles  the  cord,  while  its  upper  part,  on  account  of 

•  Since  Uie  root*  of  tbcae  nenres  arise  above  the  pymmidal  decutution,  the  laUer  caniMt  be  coosidend  at  a  sharp 
bouodary  IjeHnwa  the  ccrtbrnm  and  the  spinal  cord. 
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ihc  appearance  of  gray  nuc  K  i  and  the  rt.arningcmcnt  of  the-  white  fiber  tracts,  present-  quite  a 
different  appearance.  The  more  minute  relations  of  the  parts  will  be  discussed  later  when  the 
Structure  of  the  pans  is  considered. 

The  Fourtb  Vmtricte. — The  fourth  ventricle  (Figs.  634,  648,  650,  659^  md  660)  is  &  low 
flat  space,  which  communirates  superiorly  with  the  cerebral  aqueduct,  and  inferiorly  directly 
with  the  central  canal  of  the  spinal  cord.  The  middle  and  widest  portion  of  the  cavity  belongs 
10  the  metencephalon,  while  the  upper  jx)inted  end  lies  in  the  region  of  the  rhombencephalic  isth- 
mus, and  the  lower  end,  also  pcnnted,  belongs  to  the  meduUa  ohloiigata.  It  presents  for  ewnina- 
tion  a  floor  fcwmed  by  the  tkomboUal  fossa,  and  a  roof  known  as  the  tegmen  of  ike  fourth  venlnde. 

The  shape  of  this  flat  ventricle  corresponds  largely  to  the  rhomboidal  fossa,  presenting  at 
the  middle  of  its  lenp^h  its  j^rcatcsl  width,  the  lateral  recess  af  Ihe  jmirth  veniride,  which  corresfionds 
to  the  lateral  recess  of  the  rhomboidal  fossa  and  extends  along  the  peflunclc  of  the  flocculus  to 
the  medial  and  posterior  border  of  the  flocculus,  and  is  connected  with  the  subarachnoid  space 
by  the  laktiA  aperhtn  of  the  fowrth  ventridOf  which  latter  extends  along  the  root  fibers  of  the 
gl<»sopharynKi  al  nrr\  c.  Here  the  chorioid  plexus  of  the  fourth  ventricle  makes  its  appearance 
at  the  lia^t  of  ilie  lirain.  At  about  it>  middle  the  ventricle  also  has  its  greatest  depth,  due  to 
an  out -pouching  directed  toward  the  medullaiy  body  of  the  vermis  and  known  as  the  jasligium 
(page  171). 

The  Rhomboidal  Fosia.— The  rhomboidal  fossa  (Figs.  660  and  661)  is  a  flat  rhomboidal 

groove-like  indentationj  which  is  seen  separating  the  cerebellum  from  the  brain  stem,  lying  upon 
the  surface^  of  tlie  rhombencephalic  i>tlimu>.  tlie  pons,  and  :hv  nirdulla  oblongata,  which  form 
lh(  iloor  of  the  fourth  ventricle.  The  ujjjx:r  and  lower  t  xiretuities  of  the  fossa  are  acute  angles  anti 
Jiie  lateral  ones  are  obtuse,  so  that  its  greatest  width  is  at  its  middle.  The  upper  jxjinted  end 
commimicates  with  the  cerebral  aqueduct,  while  the  lower  one  is  continued  as  a  pen-shaped 
figure,  the  ctUamus  scripiorius.  inio  the  central  canal  of  the  coid.  Its  boundaries  in  the  region  of 
the  calamir-;  scri[)(orius  nrc  ttic  obex  f<ee  jiaj^e  169),  the  upper  end'^  of  the  rlava-,  and  laterally 
the  restilorm  ltodii->.  and  in  \\>  ujijKT  part  its  Ijoundarie^  arc  ;!U'  hrnclu'a  ( onjunctiva.  Three 
iwrtions  which  arc  continuous  with  one  another  without  any  deiinite  lines  of  demarcation  may 
be  distinguished;  the  broadest  middle  portion  is  termed  the  snfemediaie  portion^  the  upper,  the 
superior,  and  the  lower,  the  inferior  portion.  The  middle  part  presents  a  lateral  recess  between 
the  restiform  body,  which  curves  upward  toward  the  cerebellum,  and  the  lower  border  of  the 
brachium  |)onlis. 

Throughout  its  whole  length,  from  the  calamus  scriptorius  to  the  opening  into  the  cerebral 
aqueduct,  there  extends  the  posferior  median  fissure,  and  parnUel  to  this  is  a  second  less  pnnninent 
(paired)  lateral  groove,  the  limiting  sukns.*  Together  with  the  median  fissure,  tiun  bounds 

an  elongated  eminence,  the  medial  eminence,  in  the  up|jer  and  middle  portions  of  the  fossa,  while 
in  the  inferior  jjortion,  the  prolongation  of  thi>-,  the  h\'f>o<y!o}Stil  (rit^ofie.  i-;  separated  by  the  limiting 
sulcus  from  the  ala  cinerea  (see  below).  The  hmiting  sulcus  forms  in  both  the  upper  und  lower 
portions  of  the  fossa  a  broad  depression,  the  superior  and  inferior  jmrce,  the  former  lying  abo\-e, 
and  the  latter  below  the  medullary  stria  {aumstk).  These  appear  often  as  very  distinct  horizontal 

*  The  limiling  lulcvt,  like  the  btenU  mcKnceplialic  mIcu^  h  the  rcmuns  of  the  emhiyoBic  limiting  ndcus  which 
■epantc*  the  ventral  and  donat  lones  of  ttie  medullary  canal. 
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^hkte  stripes,  but  are  veiy  variable  in  their  devdopment,  and  they  pa^  across  the  greatest  breadth 
of  the  untennediate  part.  They  are  quite  narrow  where  thqr  emage  from  the  median  fissure, 

but  diverge  as  they  pass  over  the  medial  eminence  toward  the  lateral  recess«  where  they  are  lost; 
a  few  may  often  be  seen  to  pass  obliquely  upward  or  downward. 

Above  the  medullary  stria;  the  medial  eminence  is  thickened  to  form  ihe  flat  jacial  coUkulus, 
whidi  lies  medial  to  the  superior  fovea  and  is  formed  by  the  internal  genu  of  the  ladal  nerve. 
The  latent  part  of  the  fo»a  crossed  by  the  medullary  striie  is  known  as  the  acousHe  area,  because 
in  this  situation  the  eighth  nerve  has  its  origin  or  rather  termination.  Laterally,  in  the  region  of 
ihi  lateral  recess,  it  forms  the  acoustic  tubercle,  and  above  the  superior  fovea,  in  the  lateral  portion 
of  the  superior  part  of  the  fossa,  is  a  narrow,  elongated  band,  which  has  a  bluish  color  in  the 
fre^  brain,  and  is  termed  the  loots  c^ndaa. 

Ln  the  inferior  portion  of  the  fossa,  ad j<rining  the  hypoglossal  trigone,  sad  separated  from 
it  by  the  limiting  sulcus,  is  a  long  triart  r:i:1ar  area,  the  ots  cinerea,  which  is  distinguished  from  the 
medial  eminence  by  its  deeper  grrty  L  ulur.  It  corresponds  to  the  Vagoglossopharyngeal  nucleus 
and  extends  upward  to  the  inferior  fovea. 

The  Tegmen  of  the  Fourth  Ventricle. — The  legmen  0}  ihe  jourth  ventricle  (Figs.  648,  650, 
and  657)  is,  for  the  most  part,  purely  epithelial  In  character.  An  e^kdiel  ckmeidal  lamina 
closes  off  the  upper  part  of  the  cavity  posteriorly  as  far  down  as  the  portion  which  belongs  to 
the  rhomht  neeplialie  isthmus.  TTere  the  !)raihia  eonjunctiva,  with  the  anterior  medullary  velum 
lying  between  them,  form  a  jxjrtion  of  the  roof  of  the  cavity,  consisting  o!  nerve  tissue,  but  lx;low 
this  the  roof  is  made  up  of  the  tela  chorioidea,  which  resembles  the  similarly  named  structure 
of  the  third  ventricle.  It  is  a  double  fold  of  pia  mater,  which  dips  in  between  the  cerebellum 
&nd  fourth  ventricle,  covering,  on  the  one  hand,  the  nodulus  and  uvula  of  the  cerebellum,  and 
on  ;hc  other,  serving  as  a  support  for  the  epithelial  chorioidal  lamina.  The  latter  projects 
into  the  ventricle  as  a  chorioirlal  plextts,  and  cnnsisti*  of  weaker,  villus-likc  medial  portions  and 
a  much  stronger  lateral  one,  pas.sing  along  the  peduncle  of  the  tiocculus  and  reaching  to  the  lateral 
aperture,  through  which  it  emerges  (sec  page  170). 

The  epithelial  cfaorimdal  lamina  b  attached  along  the  restiform  bodies  to  a  narrow  medullary 
edge,  the  t<tnia  of  the  fourth  venlrich,  which  extends  along  the  side  of  the  inferior  portion  of  the 
rhomlx)idal  fossa  and  also  to  the  obex,  lying  between  the  upper  parts  of  the  two  clava*,  the  lirnia^ 
passing  over  into  this  latter;  it  is  also  attached  to  the  free  borders  of  the  posterior  meduUary  vdum. 
This,  in  contrast  to  the  anterior  vdum,  is  a  paired  formation  which  is  attadied  on  eith«-  side 
of  the  peduncle  of  the  flocculus.  Its  posterior  superior  border  imites  on  either  side  with  the  pos^ 
terior  border  of  the  anterior  medullary  vctum  and  with  this  passes  over  into  the  medullar}-  sub- 
stance of  the  cerebellar  vermi-;.  The  angle  caused  by  thi^.  union  is  the  jastigium,  and  in  this 
region  the  fourth  ventricle  projects  upward  into  the  medullary  substance  of  the  vermis.  On 
the  other  hmd,  die  qnthdial  lamina  b  attadied  to  the  inferior  bordo*  of  the  posterior  vdum,  so 
that  together  th^  form  the  posterior  wall  of  the  fourth  ventricle.  In  the  middle  line,  just  above 
the  calamus  scriptorius,  there  is  a  round  aperture  in  the  tegmcn,  the  medial  aperture  {jorafnenel 
Magendic*)^  through  which  the  ventricle  conununicates  with  the  subarachnoid  cavity. 

*  The  existence  «t  flik  mperture  has  been  deniecl.   It  is  in  any  event  a  aecondary  formsiinn  and  dae$  not  extol  In 

the  cmbryoaic  brain. 
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Fic.  t(i2. — A  cross-section  of  the  medulla  oblongata  near  the  middle  of  the  decussation  of  the  pyramids. 
(Enlarged  7  times.) 

Fig.  663. — A  cro<^^->ertion  of  the  l>)wer  jKirtion  of  the  medulla  oLIinigata  atthelcvelof  theu^tpcrcxtremity 

of  the  decussation  of  the  pyramids.    (Enlarged  7  times.) 
Fic.  664. — cross-section  through  Ibe  lower  portion  of  the  m^ulln  oblonpta  in  the  region  of  the  decut- 

sation  ut  the  It  mniM:us.    (Enlaijged  7  times.) 
White  matter,  dark;  gray  matter,  clear. 

Fig.  665. — A  cross-section  throqgh  the  middk  portion  of  the  medulla  obloupta  in  the  region  of  the 
calamus  scriptorius.   (Enlaiged  7  times.) 


Tm  Nuclh  and  the  DisnuBirnoN  of  the  main  fibbr-thacts  in  the  pom  and 

MEDTJLLA  OBLONGATA. 

The  somewhat  complicated  distribution  of  the  gray  and  white  substance  in  the  medulla 
and  pons  can  be  best  understood  by  the  study  of  a  number  of  cross-sections  from  the  spinal  cord 
upwaid  (Figs.  662  to  669).  The  most  noticeable  change  in  the  transition  from  the  cord 
into  the  nK-<Iu]la  is  that  produced  by  the  pyramidal  (let  ussation  (Fig.  662).  The  fibers  of  the 
lateral  pyramidal  fasciculi  deviate  from  their  ion^^itiujinal  cmirse  and  take  a  tranwr^c  or  oMique 
direction,  traversing  the  gray  substance  in  su<  h  a  manner  as  to  constrict  the  anterior  from  the 
posterior  colunui,  and  decussate  in  front  of  the  commissure  with  fibers  of  the  other  side,  filling 
ap  the  anterior  median  fissure.  At  the  kvd  of  the  upper  end  of  the  decnasattoo  nuclei  may 
be  seen  in  the  dava  and  the  cuneate  tubercle,  the  nucleus  oj  the  fasciculus  gracilis  and  oj  th* 
ja'Uhtdus  rutrt'attt^.  .-\s  in  the  cervical  region  of  the  cord,  so  in  lliat  of  the  latt-ral  funicMlus. 
the  root  fibers  of  the  spiinal  accessory  nerve,  which  arise  from  the  laterai  part  oi  the  anterior 
gray  colutnn,  have  their  exit. 

Just  above  the  decussation  a  change  In  the  structure  of  the  gray  subftance  takes  place 
(Fig.  663).  The  posterior  column  is  constricted  off  by  fiber  tracts  which  traverse  the  anterior 
colnmn  and  the  neck  of  the  posterior  one,  forming  the  retkular  formation,  and  become?  situated 
near  the  «iurface  of  the  lateral  fimiculus,  where  ii  forms  the  tuhrrculum  cijicciivt  (see  [la^e  i6<^). 
Its  ganglion  cells  represent  here,  as  in  the  succeeding  cervical  part  of  the  cord,  the  nucleus  oj  the 
s^mU  iraa  0/  ^  trigemm$s,  one  of  the  scnsoiy  nudei  of  ^at  nerve.  The  nd^boring  bundles 
constitute  the  spinal  tract  of  the  nerve  itsdf. 

The  anterior  column  of  the  cord  above  the  decussation  becomes  gradually  lost  in  the  reticular 
formation,  "^o  that  in  addition  to  the  crntral  gray  straium  surrounding  the  central  canal  the  only 
larger  masses  of  gray  substance  which  persist  are  those  of  the  tuberculum  cincrcum,  the  two 
nuclei  of  the  posterior  fasdcuhis,  and  a  sntaQ  hiteral  nudem  which  makes  its  af^xarance  in  the 
lateral  funiculi.  The  compact  mass  of  fib«»  resulting  from  the  decussation  forms  the  pyramid 
lying  nc.vt  to  the  anterior  median  fissure,  and  it  produces  in  the  first  place  a  lateral  transference 
of  the  anterior  fasHrnht?  propriti^  and,  Frcondlv,  cause*:  a  pronounced  thickening  of  the  ventral 
portion  of  the  medulla  oblongata,  so  that  in  transverse  section  the  central  canal  is  found  in  its 
dorsal  half.  Just  above  the  level  of  the  decussation  of  the  pyramids  masses  of  fibers  occur, 
which  also  decussate,  fonning  the  decussoHon  of  the  Imnisctis.  The  fibers  which  enter  into  its 
formation  are  known  as  the  intenud  aratate  fbers,  in  contra.st  to  the  deb'cate  bundles  of  external 
aratate  fibers  which  nm  transversely  over  tiie  surface  of  the  medulla.  The  former  (Fig.  664) 
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an>c  from  tfu-  nuclei  of  the  jxjstorior  columns  amJ  an-  indirrrt  [)rolon{*ations  of  the  sensory  fibers 
of  ihc  cord  which  form  ihe  posterior  funiculus*  (see  page  118);  from  the  nuclei  of  (to!1  and 
Butdich  thejr  curve  around  the  central  gray  stratum  to  the  median  line,  where  they  decussate  at 
the  bottom  ct  the  anterior  median  fissure>  and  since  they  represent  the  main  portion  of  the  path 
known  as  the  mtdial  letnniscuSf  their  decussation  is  termed  the  decussation  of  the  lemnisciis. 

In  the  region  of  the  calamus  scriptorium  (P'ig.  665)  the  appearance  of  the  cross-section  of  the 
medulla  is  ahertii,  not  only  externally  Ijy  the  central  canal  opening  into  the  fourth  ventricle  but 
aU«  by  oilier  more  extensive  modihcations.  The  gray  ligure  seen  in  the  cord  can  now  be  hardly 
reoognized;  the  central  gray  stratum  of  the  central  canal  has  become  the  gray  substance  of  the 
ihomboidal  fossa,  the  remains  of  the  postorior  ccdumn  may  be  recognized  in  the  nucleus  of  the 
spinal  tract  of  the  trigeminal  nerve  as  in  the  lower  parts  of  the  medulla,  but  the  most  noticeable 
alteration  is  the  appearance  of  the  olivary  nui  lrus.  which  appears  below  the  calamus  scriptorius 
just  afx)ve  the  dccu^i^iiion  of  the  Icmni&cas.  it  lies  in  the  enlargement  of  the  ventral  surface  of 
the  medulla  oblongata,  known  as  the  olive,  not  reaching  the  surface  <rf  this,  however,  but  being 
sepaiatcd  from  it  by  white  fibers,  espedally  by  the  external  atauOe  p>ers.  The  olivary  nudeus 
(inferior)  is  a  much-folded  gray  band  curved  so  as  to  form  a  sac-like  structure  having  an  opening 
medially  and  jxKteriorly,  the  hdus,  and  enclo^^inu;  masses  of  filx'rs  bavins;  varioii*  courses.  Beside 
the  main  nucleus,  accessory  nuclei  occur;  separated  from  it  medially  by  the  root  fibers  of  the 
hypoglossal  nerve  Is  the  medUA  acussoty  cUvary  inwleiw,  and,  a  little  further  doisally  is  the  lateral 
aceessery  etiwry  nudeta.  In  the  gray  substance  m  the  floor  of  the  rhomboidal  fossa  are  nuclei 
of  se\'eral  cmbral  nerves.  That  of  the  hypoglossal  ner\'e  lies  dose  to  the  median  fissure  of  the 
fo^  in  the  rej^'on  of  the  medial  eminence  (sec  page  170^  and  corresponds  to  the  trigone  of  the 
hypoglossal  nerve  of  the  rhomboidal  fossa.  The  root  libers  after  leaving  the  nucleus  pass 
obliquely,  laterally,  and  ventrally  to  make  their  exit  between  the  pyramid  and  dive.  Lateral 
to  the  nucleus  of  the  hypoglossal  nerve  is  the  nudeus  of  Ihe  ida  duerea^  the  aenswy  nucleus  of 
the  glossopharyngeal  and  vagus  nerves,  whose  root  filxrrs  pass  from  here  throu^  the  substance 
of  the  lateral  funiculus.  \'entral  and  lateral  to  the  nucleus  of  the  ala  cinerea  a  small,  isolated 
tract,  circular  in  cross-section,  the  solitary  trad,  becomes  especially  prominent,  and  with  it  also 
an  adjacent  nudeus,  the  nuckus  0}  the  solUcry  tract,  both  of  which  bdong  to  the  glossopharyngeal 
nerve.f 

In  the  median  plane  the  cross-section  of  the  medulla  shows  a  sharp  separation  of  the  two 
halvf -  by  means  of  the  riipJtr  of  the  medulla  oblon?;ata,  in  whit  h  a  delit  ate  decu.s.sation  of  fibers 
of  boih  sides  occurs,  representing  a  continuation  of  the  decussation  of  the  lemniscus.  Lateral 
to  the  raphe  is  a  region  extending  to  the  root  fibers  of  the  hypoglossal  nerve,  in  which  several 
groups  of  gang^  lie  between  fiber  tracts  having  various  courses,  and  among  which  the  inteinal 
aicuate  fibers  may  be  recognized  passing  to  ihcir  decussation  in  the  raphe.  Since  the  fibers  are 
in  excess  of  the  gray  substance  in  this  region,  it  has  here  a  whitish  appearance  and  is  known  as 

*  tTl;r  j  xti-rn.il  arrUiXtr-  fihrrs  also  arise  from  the  nurU  i  of  ttii  posterior  funimlu';  anr5,  aftrr  decussating,  pass  ven- 
trally to  (.nicrgt  at  the  anterior  median  fissure,  wtvrnct:  ikiy  jmss  laterally  over  liic  su.-f.ii  i-  of  the  medulla  to  join  the 
natiform  Ixxlies  and  so  reach  the  cerebellum.    I  :>  ] 

t  [The  nliuiy  faadcuioB  is  a  downwanl  prolung»tioa  of  tbe  entering  fibers  of  the  g^oMophkryngeai  (and  vagus) 
mm  and  ht  aodnia  is  the  Dudeu  of  lennlnatioD  tor  tbcie  fibers,  the  two  •trucmm  having  the  anme  rdilloti  to  the 
aerte  nstlw  ipiiMl  trvtuMt  Biidmof  the  loberculnni  dacreara  ha«e  to  the  trigieniiniis^— Ep.] 
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Fig.  666. — rn>ss->H:ctiun  through  tin-  niiddie  portion  of  the  meduUa  oUoQgaU.  (The  middle  of  tbe 

olivar)'  region.)    (Enlarged  7  Umes.) 
White  matter,  dark;  gray  matter,  dear. 
Fig.  667. — A  cro$s->ecti<)n  through  the  upper  portion  of  the  medulla  oblongata.    (Intcnnediate  portion 

of  the  rhomboid  fossa.  )    (Enlarged  7  times.) 
Fto.  668.— A  ( ross-scciion  through  the  lower  portion  jof  the  pons  at  tbe  level  of  the  abduceos  nucleus. 

(Enlarge<i  five  times.) 

Tbe  first  (•'•riiim  «f  the  root  of  the  fatiaJ  nerve  is  nut  vi^iillc;  the  wcond  partioa  bu  been  cut  longitudinally  and 
the  Kcnu  obtiquely.  At  one  side  may  be  aeen  tbe  bmcbhtra  of  the  poo^  which  has  been  divided  fram  tbe  ceKbeUuai. 
Preparation  aa  in  F3^  651  and  653. 

Fic.  669.— A  cross-section  through  the  middle  jxirtion  of  the  pons  and  of  the  rhombenoepbafic  isthmm. 

(Enlarged  tlvc  limes.) 
Wbite  maticr,  dark;  gray  mailer,  clear,  as  in  Fig.  668. 


the  tuhite  reticular  stAsUmee,  ui  contrast  to  the  gray  retiaUar  substance  which  is  ktenl  to  the  root 
of  tbe  hypof^ossal  nerve  and  dotsal  to  the  olive.  The  part  of  the  white  reticuhu-  substance  which' 

lies  between  the  two  olives  is  the  ititerdivary  stratum  oj  Ihc  lemniscus  and  is  largely  formed  by  the 
internal  arcuate  fibers.  On  the  ventral  side  of  the  medulla,  ventral  to  the  white  reticular  substance 
and  lateral  to  the  olives,  arc  the  pyramids  with  iheir  pyramitlal  fasciculi,  and  at  either  side  of  the 
calamtis  scriptorius  there  are  still  to  be  seen  the  upper  ends  of  the  nudei  of  tlie  fasciciiliis  cune- 
attis,  and  in  this  region  also  from  fibers  from  the  contintntion  of  the  poeterior  fasdculi,  from  parts 
of  the  lateral  fasciculi  and  from  archcd  transverse  fibers  from  the  olivaiy  nudeiis,  the  ccrebeU«- 
olivary  fibers,  the  ratijortn  body  '9,cc  page  169)  which  passe*  to  the  cerebelhim  Ls  formed.  Further- 
more, there  is  a  special  bundle  of  longitudinal  fibers  in  the  dorsal  pan  of  tbe  reticular  white  sub- 
stance situated  ventral  to  the  hy{x>glofisal  nucleus,  known  as  the  medial  loHgitudind  faseicutus: 
it  courses  upward  to  the  mesencephalon  in  the  r^on  of  the  medial  eminence  of  the  rhombcridal 
fossa  (see  pages  i6i  and  184). 

A  vrry  simtlrir  arrangement  is  showTt  by  cross-sections  through  the  medulla  above  tl-.c  k  vel 
of  the  calamus  scriptorius  (Fig.  666).  Prominent  on  the  surface  are  the  extermi  arcuaie  jibcrs, 
passing  over  the  olives  and  the  pyramids  and  separated  from  the  surface  of  the  latter  by  the  gray 
arcuate  nudei.  The  nudei  of  the  posterior  fasdculi  are  no  longer  present,  and  the  lateral 
boundary  of  the  rhombiMdal  fo.ssa  is  formed  by  the  n-^tiform  bodies.  On  the  floor  of  the  fossa, 
in  addition  to  the  ntirleiis  of  the  ala  rincrca,  then.-  al«o  a  senM>n'  irlos='0])har\'n<reovagus 
nucleus  and  a  motor  nucleus  for  the  same  nerves,  known  as  the  nucleus  ambiguus,  occurs  in  the 
gray  reticular  substance  dorsal  to  the  olive.  In  tWs  region  also  ganglion  cells  from  vvhicii  the 
upper  root  fibers  cS  the  accessory  nerves  arise  are  still  to  be  found,  and  the  posterior  ends  of  the 
acoustic  nudd  make  their  appearance,  although  these  structures  are  more  evident  in  cross-sections 
of  the  uppermost  part  of  the  mrduna. 

Cross-«rrfion-:  mailt-  ilir()iii:Ii  iIk  rhomboidal  fossa  at  llie  level  of  the  nwlullury  stria*  fPiij. 
667)  show  an  arrangement  which  in  many  respects  is  similar  to  that  seen  in  lower  sections,  although 
modifications  occur.  Tbe  oKvazy  nudei  have  decreased  in  sise,  while  the  pyramids,  extonal 
arcuate  fibers,  and  arcuate  nuclei  are  about  the  same  as  in  the  inferior  part  of  the  rhomboidal 
fossa;  indeed,  the  ventral  part  of  the  section  differs  only  in  its  greater  nairowness*  which  is  espe- 
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cially  pronouncnl  in  tht'  region  of  \hc  in'.rroli\  an*  stratttm  of  ihv  Innni'-i u^.  The  restiform  bodies 
now  stand  om  -Tongly,  and  the  tlo{)r  nf  the  fo^sa  .-hows  imporiaiu  changes  and  reaches  at  this 
lv\cl  ks  greaiesi  width.  Just  below  the  sunace  the  medullary  stria,  cut  longitudinally,  arc  notice- 
able; these  belong  to  the  acoustic  nerve  path,  as  does  the  rest  of  this  region,  which  is  accordingly 
caQed  the  acoustk  area.  It  contains  espedaliy  the  nucleus  of  the  acotistic  nerve,  which  also,  how- 
ever, extends  into  the  dor>al  part  of  the  |X)ns.  There  is  no  distinct  boundar)'  in  this  dorsal  regi«l 
brtwocn  the  j)ons  territory,  that  is  to  say,  the  mftrnccphalon.  and  the  nif-dulla  oblongata  or 
myelencephalon.  The  acoustic  nerve  has  separate  nuclei  for  its  iwo  main  portions,  the  vestibular 
and  the  eecAfear  fierver,  so  that  a  dorsal  acoustic  nucleus  belonging  to  the  vestibular  nerve  and 
a  ventral  bdonging  to  the  cochlear  nerve  can  be  recognized.  The  dorsal  nudcus  1ms  in  the  lateral 
part  of  the  acoustic  area  of  the  rhomboidal  fossa,  while  the  ventral  one  is  very  superficial  and  close 
to  the  restiform  body  jii<t  where  it  enters  the  rcrchellitm.  The  flor<al  nucleus  is  the  nucleus  oj 
the  vestibular  nerve,  which  has  another  root  known  as  the  descending  (^spinal)  root,  as  well  as  a 
lateral  nucleus,  Ddter's  nudeus  or  the  kUend  mtdetts  0/  Ike  vestibular  nerve,  lying  to  the  medial 
ade  of  the  restiform  body.  The  ooddear  nerve  passes  prindpaUy  to  the  ventral  nucleus,  but 
also  sends  fibers  to  the  ganglion  cells  of  the  acoustic  tubercle  (dorsal  cochlear  nucleus),  lying  in 
the  lateral  recess  of  the  rhomboidal  fossa.  The  hypoglossal  nucletis  does  not  reach  to  the  level  of 
the  medullar)-  stris,  but  the  upper  end  of  the  vagus  nucleus  dees.. 

In  cross-sections  of  the  pons  (Figs.  668  and  669),  two  quite  different  portions  may  be  recog- 
nized; the  ventral  or  basSar  part  and  the  dorsal  part,  beneath  the  rhombddal  fossa.  And  since 
the  latter  is  the  direct  contitmation  of  the  tegmentum  of  the  cerebral  pedunde,  it  is  known  as  the 
tegmentum  oj  the  pons.  The  stnicfiirc  of  the  pons  difTers  decidedl}'  from  that  of  the  medulla. 
.\n)ong  the  most  noticeable  differences  in  the  l>asilar  part  may  be  mentioned  the  absence  of  the 
olivary  nudei;  the  fasciculi  of  the  pyramids  arc  no  longer  seen  on  the  surface  as  longitudinal  fas- 
dculi,  but  h'e  in  the  middle  of  the  basihu'  portion  as  thidt  bundles,  the  longitudiHal  fasdadi 
of  ike  fums.  separated  by  gray  masses,  theffude^  0/  the  ports.  Ventra!]\  as  sv  ell  as  dorsally,  they 
are  boimded  by  rather  larj^c,  transverse  fiber  tracts,  the  snpcrfu  ia!  and  da-p  fihrrs  oj  the  pons. 
The  raphe  of  the  mrtlulla  oblongata  is  continued  from  the  medulla  into  the  pons,  in  the  lower 
portion  of  which  it  extends  mto  the  basilar  part,  altliough  in  the  upper  portion  it  is  hmited  to 
the  dorsal  part.  The  ^sid  part  of  the  pons,  the  tegmentum,  lies  between  the  rhomboidal  fossa, 
on  the  one  side,  and  the  I)asi1ar  i>ortion  on  the  other.  In  the  region  of  the  facial  cotticulus  there 
is  to  be  "^rcn  the  niiclrits  nj  ihc  ahdurm^  nerve,  just  below  the  surface  of  the  fos^a,  the  root  fibers 
of  the  nen-e  taking  origin  from  it  and  pas<=!ne;  vi-ntrally  throui^h  ihi-  basilar  [jarl  of  llie  lower 
portion  of  the  pons.  A  little  further  venirally,  ami  at  the  same  time  laterally,  but  still  in  the  dorsal 
•  part  is  the  mtdeus  oj  the  jacud  nerve,  from  which  the  root  fibers  at  first  rise  to  the  fadal  colliculus 
as  the  first  part  of  the  root  of  the  facial  nerve,  and  then  curve  around  the  abducms  nucleus  as  the 
imcrnal  genu  oj  the  jaeial  nerve,  to  course  as  the  .rrrnnJ  part  oj  tJir  root  laterally  pn-t  die  aljdueen'; 
and  fariril  nnrlei,  between  the  superior  olive  and  -inson'  nucleus  of  the  trigeminal  ner\'e,  and 
appear  on  the  ventral  surface  of  the  lower  part  01  the  pons.  The  dorsal  acoustic  nucleus  and  the 
sensory  trigeminal  nucleus,  whidi  increases  in  siae  upward,  and  also  the  motor  nudeus  of  the 
trigeminus,  which  extends  as  far  as  the  mesencephalon,  with  its  mesencephalic  root  (see  page  162), 
he  in  the  dorsal  portioQ  of  the  pons.  In  the  lower  portion  there  are  also  to  be  found  the  s»pmor 
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oUvary  nucleus,  medial  to  the  second  portion  of  the  facial  nerve  and  the  nucleus  oj  the  trapezoid 

body  (sec  below). 

Of  fiber  tracts  there  are  in  the  dorsal  part  of  the  jx)ns,  in  addltkm  to  the  inesaiceplt>lic  and 
spinal  trigeminal  roots,  first,  the  medi^  hngUudimai  fasciculiUf  which  has  moeaaed  oonsideTaUy 

in  width  compared  with  its  condition  in  the  medulla  oblongata  and  Ues  close  to  the  raph^  below 
the  fac  ial  collinilus,  and  really  in  the  rci^ion  of  the  mctlial  eminence.  From  the  reticular  for- 
mation aii(i  i  sjK'cially  from  the  interolivary  stratum  ol  the  lemniscus  there  develops  in  the  ventral 
ix>rtiun  of  the  dorsal  part  of  the  pons  a  broad,  compact  mass  which  becomes  larger  upward,  the 
hmmseus.  It  divides  (see  page  i6a)  at  the  rfaombencephaUc  Isthmus  into  a  weaker  Uteial 
portion, the Aifero/  {acousik)  lemniscus,  provided  with  a  nucleus,  the  fiifci«M0//Ae/a/<ra//CT»iifjicil5, 
and  a  -^tront^cr  m«_'dial  portion,  tin-  ))i>:dial  Innnisms.  \x.nh  parts,  even  the  medial  one,  howrvrr, 
diver<;ini^  from  the  median  line  toward  the  trigone  of  the  lemniscus  (see  page  162).  Finally, 
in  the  lowest  portion  of  the  dorsal  part  oi  the  pons  there  arc  transverse  libers  which  decussate 
hi  the  raphe;  they  belong  to  the  acoustic  nerve,  and,  (xx'^sing  overmto  the  lateral  lemniscus  of  the 
opposite  side,  are  known  as  the  trapezoid  body  (Fig.  668);  they  lie  just  above  the  deqi  fibers  of 
the  pons  and  indude  a  small  ntideus  (see  above). 

Thh  Main  Tracts  in  the  brain.*  The  Tracts  in  the  wtan  substance  of  the 

Telencephalon. 

Tn  the  white  substance  of  the  telencephalon  three  main  groups  of  fiber  tracts  may  be  dis- 
tinguished : 

1.  Tracts  whicli  unite  region.s  of  the  cerebral  cortex  of  the  same  hemisphere  and  are  known 
as  assodation  fibers. 

2.  Tracts  comiecting  identical  points  of  the  two  hemispheres  with  one  another  and  termed 

commissural  fibers. 

Tracts  which  pa--  from  the  ccTcbnil  cortex  In  or  from  Hec|x?r  structures  of  the  brain, 
such  as  the  thalamus,  corpora  quadrigcmina,  cerebral  [x^dunclcs,  pons,  medulla  oblongata,  or  to 
the  spinal  cord.   These  are  known  as  projection  fibcrs^t 

1.  AtaociatioA  Fibers.— The  association  fibeis  (Figs.  670  and  671)  are  divided  mto 

two  grou|>s:  (i)  Into  the  short  association  bundles  which  unite  neighboring  cerebral  convolutions 
and  are  called  rrrchral  armatr  fibers,  and  {2)  into  tho^c  which  ( onnect  more  distant  g}  ri  or  even 
lobes  of  the  hemi>phea',  and  constitute  the  long  association  bundles.  Of  the  latter,  tour  tracts 
have  special  names: 

I.  The  eingulim  (Fig.  671)  courses  in  the  medullary  substance  of  the  gyrus  dnguU  (and 
also  the  gyrus  fomicatus),  in  the  medial  ;>ortion  of  the  centrum  semiovale,  just  above  the  lateral 
border  of  thr  rorp^i'^  rallosum,  extendinu'  from  the  frontal  lobe  to  the  nmeii<  of  the  occipital 
lobe,  and  from  there  on  along  the  liipiRKanipal  gjTus  to  the  uncus  of  the  tem[X)ral  lobe. 

3.  The  fasciadns  imcimhts  (Fig.  670),  which  is  strongly  curved,  unites  the  orbital  surface 
of  the  frontal  lobe  and  the  temporal  pole,  and  in  so  doing  courses  in  the  fkior  of  the  anterior 

*  It  HtM-s  not  fail  within  th<f  sco)>r  of  this  outline  to  givr  .in  exact  iccount  of  evnything  knowo  nguding  the 
cerebral  fibers.   Only  the  moM  imporuni  tram  wrill  be  discussed. 

t  Since  tbe  majority  d  tlie  projectioo  fiber*  beloag  to  the  ao^allcd  cntona  rwJwta  (see  Mow),  tbejr  are  tha  termed 
coronal  fibers. 
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Figs.  670  and  671. — The  most  important  association  tracts  of  the  brain. 
In  Fig.  670  the  &l)crs  are  projected  upon  ibc  external ;  in  Fig.  671  u|x>n  the  mc&ial  surface  of  the  bcnmphcre 
(schematic). 


part  of  the  lateral  cerebral  fi.ssurc,  that  is  to  say,  through  the  metlullary  substance  of  the  g}'ri 
of  the  insula 

3.  The  superior  longUudinal  jasciculus  (Fig.  670)  courses  in  the  lateral  portion  of  the  scmi- 
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oval  center  over  the  dorsal  surfaci-  of  the  knticuhir  nucleus  and  between  the        of  the  u 
and  the  claustrum.  from  the  frontal  lobe  through  the  operculum  to  the  occipital  and  the  posteriv 
part  of  the  tem|Kjral  lobe. 

4.  The  mfenor  hngUudinal  jasciadits  (Fig.  671)  cannects  the  occipital  lobe  with  the  pole 
of  the  tenqMcal  lobe,  coursing  parallel  with  the  inferiw  comu  of  the  lateral  ventricle. 

n.  Commissural  Fibers. — The  commissural  tracts  arc  mainly  rcprc?cntef]  by  the  corpus 
callo'^um,  in  addition  to  which  only  the  anterior  (not  the  posterior)  and  the  hippocampal  com- 
missures are  true  commissures. 

I.  The  carfiits  c^sim  has  alieadj  been  consideRd,  as  regaids  its  external  idatiana.  Its 
fibers  are  divided  into  jbontal,  parietal,  oodpital,  and  temporal  portiooa  (see  page  147}. 

a.  The  anterior  commissure  (Figs.  624,  632,  644,  648,  and  650)  is  a  horizontal,  circular, 
sharply  defined  bundle,  who?c  middle  portion  is  situated  in  the  anterior  wall  of  the  third  \  entriclc 
in  front  of  the  columns  of  the  fornix.  Thence  the  commissure  describes  a  curve,  conca\-c  pos- 
teriorly, coursing  along  (he  inferior  surface  of  the  lenticular  nucleus,  its  inauif  foOeriar  portion 
passing  to  the  temporal  lobe,  and  its  %reaker,  anUriar  portion  extending  to  the  olfactoiy  bbe. 
Only  tluLt  part  of  the  commissure  which  lies  in  the  anterior  wall  of  the  third  ventzide  is  free ; 
the  romainins;  part  is  hidden  in  llic  substance  of  the  hcmisjiht  re  and  is  only  visible  in  rro«s-«oction. 
The  temporal,  main  portion  of  the  commissure  connects  the  hippocampal  gj'ri  of  opposite  sides. 

3.  The  hippocampal  vommsswre  (sec  page  148)  comiects  the  two  hippocampi.  It  is  closely 
rdated  to  die  fornix  (see  bdow)  and  is,  thcrefbre,  also  known  as  the  transverse  fornix. 

III.  The  Projection  Fibers. — The  cerebral  fibers  known  as  projection  fibers  course 
from  the  cere  br;d  cortcT  to  dt  epcr  lying  structures  of  the  brain,  and  thus  most  of  them  pass  through 
tlie  internal  ca|>suk-,  where  llicy  form  the  so-called  corona  radiata.  By  corona  radiala  is  meant 
the  masses  of  fibers  radiating  into  the  cerebrum  as  the  continuation  cS.  the  cerebral  peduncles, 
both  the  tracts  commg  throu^  the  base  of  the  pedundcs  and  those  coming  throu^  the  teg- 
mentum, to  which  are  added  ]>aths  whose  course  is  confined  to  the  cerebrum  itself  and  which 
come  from  the  thalamus.  As  the  fibers  of  the  corona  radiata  pass  from  the  inttniid  caj)--ide 
to  the  diilcrent  portions  of  the  cerebral  cortex,  they  decussate  extensively  willi  the  fibers  of  the 
corpus  callosum  radiation,  and  in  the  corona  as  wcU  as  in  the  callosal  radiation,  frontal,  parietal, 
occipitfd,  and  temporal  portions  may  be  recognized. 

The  pro  ject  ion  fibers  represent  paths  of  different  lengths.  The  longest  are  the  motor  paths, 
which  run  from  the  cerebral  corlix  without  interruption  to  the  medulla  oblongata  and  especially 
to  the  spinal  cord,  the  longest  libers  of  these  paths  pa>^ing  from  the  central  region  of  the  cortex 
to  the  inferior  portion  of  the  cord.  The  sensory  paths  arc  decidedly  shorter,  but  also  vary  con- 
siderably in  length;  the  longest  are  the  cerebtopontile  tracts. 

The  most  important  parts  of  the  corona  radiata  arc  as  follows: 

T.  The  motor  path  of  the  lirain  consi-ts  of  two  main  jwrtions,  the  jtyramidal  or  cerebro- 
spinal (corticospinal)  tract  and  the  motor  tract  of  the  cranial  ncn'es,  the  corticobulbar  tract. 

(a)  The  cerebrospinal  tract  fibers  (Figs.  642  and  672  to  675)  arise  in  the  cortex  of  the  para- 
central lobule  and  from  the  upper  part  of  the  central  canvolution.  They  occupy  the  anterior  two> 
thirds  of  the  posterior  limb  cf  the  intemat  capsule  and  pisss  through  the  base  of  the  cerelnal 
peduncle,  where  they  occupy  the  interval  between  the  two  cerebn^xmtile  tracts,  through  the  pons 
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pyramids 


Fig.  67J. — The  location  of  the 
tracts  in  the  Inise  of  the  cere- 
bral fwdunclc. 

Red  :  |i>Tainidai  tract.  Violet  : 
Occi}»itoIcm(K»ral  ccrchropontilc 
tract.  Blue  :  Frunul  ccrcbropontilc 
tract. 


Fig.  672. — A  schematic  representation  of  some  of  the  chief  cerebral  tracts. 

I'pon  the  left  the  ctttirc  ccrchral  hemisphere  has  been  rcprt-scnttd;  ujKm  the  right,  only  the  corpus  striatum  and 
lenticular  nucleus.  The  right  cerebellar  hemisphere  is  supposed  to  have  been  removed.  The  following  structures  arc 
indicated:  the  dentate  nucleus  of  the  cerebellum  (black);  the  nuclei  of  the  fascirulus  gracilis,  fasiiculus  cuneatus,  and 
olive  (hlueV,  the  red  nucleus  of  the  tegmentum  (blue  dotted);  the  pons  nuclei  (violet).  The  tracts  represenleel  .in  :  the 
p\Tamidal  tracts '(redV  the  optic  radiation  fred  dotted^;  the  posterior  columns  of  the  spiival  cord,  the  dei  ussation  of  ihe 
fillet  and  its  continuations,  the  central  tegmental  lra<  t  and  the  ccrelx'llo-iilivary  fiU-rs  ^blue);  the  peduncle  of  the  thalamus 
(blue  doited);  the  cerrbelloponiilc,  the  cerebro{»ntiIe,  and  the  lateral  cerebellar  tract  (violet). 
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Fir..  674. — A  horizontal  section  of  the  brain. 
Upon  the  left  side  the  srclion  ]>:i'»s<'S  ihrough  the  th.-il.iniu.s:  u|K)n  ihc  right,  one  centimeter  dcrpor,  throuRb  the 
corpora  <|u.i<lrigcmin.-i  and  the  hy)M>lhalami('  nurlrus.  In  thi-  Irft  internal  cu|«ule  are  indirated  the  chief  fasciruii  of  the 
corona  racliata;  the  motor  trarts  are  ri-<l  ^including  the  motor  lerebral  nerves');  the  sensory  irarts  blue,  rsjicrially  the  cere- 
bropontilr  tracts;  the  ih c ipitothalaniif  radiation,  violet.  The  frontal  tcrebrojwntilc  tratt  and  the  optic  radiation  arc 
shown  as  far  as  their  radiation  into  the  cerebral  cortex. 


and  the  medulla  oblongata  to  the  pyramidal  decussation.  Here  an  incomplete  decussation  takes 
place,  the  main  mass  of  fibers  parsing  on  the  opjiosite  side  of  the  cord  and  terminating  at  diflferent 
levels  in  the  anterior  gray  column  of  that  side,  while  a  smaller,  uncrossed  part  remains  on  the 
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original  side  as  the  anterior  pyramidal  tract  (sec  page  ii6),  and  later  on  undergoes  a  crossing 
in  the  anterior  white  commissure. 

(b)  The  corlicobulbar  tract  has  its  origin  (so  far  as  is  knowTi)  in  the  lower  portion  of  the 
central  convolutions,  passes  through  the  genu  of  the  internal  capsule  and  through  the  base  of 
the  cerebral  peduncle  to  the  various  nerve  nuclei  situated  in  the  opposite  side  of  the  medulla. 


Decussation  of  pyramids 

Fig.  675. — Certain  tracts  of  the  brain,  particularly  of  the  corona  radiata,  introduced  into  an  outline  of 

Fig.  642. 

The  pyT»midal  tracts  arc  red;  the  ccrcbrojiontile  and  central  tegmental  tracts  arc  blue. 

2.  The  err ebro pontile  Irarls  (Figs.  672  to  675)  connect  the  cerebral  cortex  with  the  nuclei 
of  the  pons  (see  page  175).  They  are  divided  into  two  separate  portions,  the  frontal  and  occipito- 
temporal cerebropontilc  tracts. 

{a)  The  fibers  of  the  frontal  cerebroponlile  tract  arise  in  the  cortex  of  the  frontal  lobe  and 
pass  through  the  anterior  limb  of  the  internal  capsule  and  the  medial  portion  of  the  base  of  the 
cerebral  peduncle  to  the  pons. 
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{b)  The  fibos  of  the  posterior  w  ecHpitotemporiA  certbropotUUe  trad  have  tlieir  orig^  in 

the  cortex  of  xhc  tomi>oral  and  occipital  lobes  and  pass  through  the  po',terinr  lim!)  of  the  intemai 
capsule  and  the  lateral  portion  of  the  h;ise  of  the  cerel^ral  j)cdunclc  to  the  [x)ns  nuclei. 

3.  The  {Centred)  Tegtm  ntal  Ra<iiaiion. — The  majority  of  these  libers  also  pass  through 
iSait  internal  capsule,  lying  in  iu  po:>icrior  pcdunde  between  the  pyramidal  tract  and  the  posterior 
cerebropontile  tract;  a  part  of  the  radiation,  however,  takes  its  course  through  the  knticiilair 
nucleus  and  does  not  unite  with  the  other  fibers  until  later.  The  various  fibers  terminate  in 
the  cortex  of  the  parietal  lobe  and  come  partly  from  the  red  nticleus  of  the  teprnentum.  A  part 
of  the  tiixTs  which  take  their  course  through  the  medullary  lamella;  of  the  lenticular  nucleus 
pass  medially,  at  its  base,  partly  to  the  ventral  portion  oC  the  thakonus,  partly  to  the  hypothalamus 
(hypothalamic  nucleus),  and  also  contmue  onward  to  the  red  nudeus  and  the  substantia  nigra, 
of  the  tegmentum  and  to  the  corpora  quadrigemina.  These  fibers  are  collectively  spoken  of  as 
the  lentil  ulnr  ansa,  and  together  with  the  lower  part  ol  the  inferior  pedunde  of  the  thalamua 
(sec  below)  form  the  pedunctdar  ansa  ^Fig.  646). 

4.  The  lhatamk  peduncles  (thalamocortical  tract)  form  iht  connectkm  bettrecn  the  Aakmic 
ganglia  and  the  cortex,  and  may  be  divided,  according  to  tlwir  distribution.  Into  an  anterior, 
superior,  posterior,  and  inferior  thalamic  peduncle.  Together  with  6bers  coming  from  the 
corpora  quadrigemina  and  the  lateral  <jenii  ulate  body  they  form  the  fibers  passing  to  the  cimeus 
of  the  occipital  lobe  and  known  as  Graiiolci's  opik  radiation  (Fig.  672),  which  passes  through 
ilic  most  )X)stcrior  portion  of  the  posterior  limb  of  the  internal  capsule. 

In  addition  to  these  a  numlxr  of  Ie«  importsnt  trartu  of  the  fwon*.  ndlata,  some  ti  which  are  not  yet  thoroughly 
underslood,  pass  from  the  cortex  of  the  auditory  center  in  -.In-  t(  ni;i->r;il  lol  <  (<>  ilu  |<>st<  ri  t  itirihira  ijULiilrim  mina  and 
the  medial  gpniculate  Ixxijr,  and  othen  pas*  in  a  reverse  direction,  as  the  tegmental  tract,  from  the  cortex  to  the  red 
mideua.  Fiirfharnioce,  fiben  paaaing  from  the  cortex  to  the  amdate  and  teatiodar  miclei,  aad  iroiB  (hew  to  the 
thalamiis  and  hypodtabmin,  are  koom  as  the  mrffatf^n  «/  Hw  eeepta  MtOmm. 

PATHS  OF  THE  RHJWKWCHFHALOW,*  THE  HYFOniALABUS;  AND  EPniIAIAnD& 
The  paiha of  the  rhincnccphalon  (Fig.  t%^)  r  .nnii  t  tin-  in-itnary  rcr.ti  rs  .if  tVic  .ilfari<>r\  Ictie  with  the  secondary 
centers  in  the  hippocampai  gynja.   They  include  the  lateral  otjaOory  stria  (sec  page  146).  the  mtdiai  UmgittidimU  ttria 
«f  the  corpus  ralloauRi,  and  the  olfoctory  bondk  of  the  Uppocamput,  which  haa  ha  cmne  partly  In  the  tract  of  the 
fdnrnlx. 

To  the  fibers  of  the  rhinenrephalon  bi  long*  also  the  fornix,  whose  anaiomkiil  relations  have  btcti  described  above. 
It  may  he  regarded  as  the  coronal  fasrirulus  of  the  hippocampus  and  rhinentephalon,  just  as  the  anterior  commissure 
may  be  regarded  as  the  commissural  fasciculua  (ne  pife  178),  and  the  doguluTO  (wc  page  176)  (at  least  some  of  ita 
longest  fillers)  as  the  association  bundle,  and  a  transmse  connerrion  of  both  correal  oHfoctory  centera  it  also  formed  by 
the  so-called  transverse  fornix  or  hippocampai  commis-^urc  In  ,irl<!i'(ii  n  the  fornix  mntain?;  fiUr  tracts  which  come 
from  the  hacral  longitudinal  strfcr  of  the  ocnpus  caUosuai  and  are  known  a«  the  long  fornix.  The  fornix  fibers  have 
their  origni  hi  the  hippocampus  and  hi  the  dentate  gyrus  aod  termbale  mainly  in  the  cells  of  the  mammlllary  body. 

Furthc  rniorc.  fiber  tracts  run  frntr:  thr  primary  olfactory  centcT  to  the  deeper  portioaa  of  the  brain,  swch  as  the 
diescephalon,  mesencephalon,  and  even  the  !.[jiiial  cord. 

In  the  region  of  the  h\-pothalanius  a  few  larger  tracts,  some  of  which  arc  easily  reroRTii/,  fl  macrosropically,  may 
be  found  in  relation  «ith  tlie  mammillary  body.  The  thalamomammillary  fasciculus,  mentioned  above  (page  159), 
arises  from  larger  medial  ganglion  of  the  mammillary  body  and  radiates  hito  the  anterior  thahuuk  nadeus;  a  part  of 
its  fibers,  however,  passing  as  the  tcgmeniomaromlUary  faicicuivs  (Gtidden'a  tegmental  faidoiltts)  *o  ffae  icgncatiim  of 

the  Cerebral  peduncle. 

«  What  is  described  wiatoniirally  as  the  rhinencephalon  is  the  primary  center  of  the  olfaclor)'  radiation.  The 
aeceodary  or  csrtlca]  center  is  lo  be  found  in  the  hippocampai  gyrus. 
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In  the  habenular  ganglion  of  the  ^lUialamtia,  tli*  fasHadut  rmvftxw  (Meynett's)  bundle  »Am,  m4  ptseee  (henee 
to  the  inierpeduacal»r  gaagUoa.* 

The  fiber  T^CIS  of  the  GBREBBLLAR  n&DUtXAKY  SUBSTAIW 

In  the  ceiebdliim»  aho,  there  are  association  fibeis  which  connect  the  various  cortical  regions, 

and  the  connections  of  the  cerebellum  with  the  remaining  portions  of  the  brain  arc,  as  has  already 
been  indicalfd,  through  the  rtTebcllar  peduncles.  The  brachia  conjunctiva  contain  fibers 
which  arise  in  the  dentate  nucleus  and  pass  partly  lo  the  red  nucleus  and  partly  to  the  thalamus, 
after  undergoing  decussation  (see  page  t6t};  the  bnu:hia  of  the  pons  connect  the  pons  nudei 
with  the  cortex  of  the  opposite  cerebeUar  hemisphere;  but  the  restifonn  body  has  a  much  more 
oompUcated  structure. 

It  is  composed  of  the  following  fiber  tracts: 

I.  Those  that  terminate  in  the  cerebellar  cortex  and  arc  situated  in  the  lateral  portion  of 
the  restiform  body.  They  are: 

I.  The  certbittosfhui  faseictdus  ascending  from  the  cord  (see  page 

3.  Smaller  fibeis  coining  from  die  arcuate  nudd  and  the  nudd  of  die  lateral  fasdcutus 

proprius. 

3.  Fibers  from  the  nuclei  of  the  jxjsterior  fasciculi,  both  of  the  same  and  the  opposite  side.t 

4.  The  cerebdlo-olivary  fibers  (Figs.  666  and  672)  which  arise  fwwn  the  nudd  of  the  inferior 
olives  of  both  ddes,  and  form  the  main  mass  of  the  fibers  of  the  restiform  body  which  tennihate 

in  the  vermis. 

II.  Tho^e  that  end  in  the  cerebellar  nuclei,  especially  in  the  nucleus  fastigii,  and  are  regarded 
as  'icn'ion,'  cerebellar  paths,  since  they  communicate  with  the  scnsor>'  cerebnd  nerves.  They 
he  in  the  medial  portion  of  the  restiform  body  and  are  divided  into: 

1.  The  dired  sensory  cerebeOar  fract,  consisting  of  root  fibers  of  various  sensory  cerebral 
nerves,  especially  of  the  trigeminus,  which  pass  directly  to  the  nucleus  fastigii. 

2.  The  imlired  sensory  rertbclhr  tract.  con-,isting  of  fibers  which  connect  the  nuclei  <rf 
the  sensory  cranial  nerves  in  the  medulla  with  the  nucleus  fastigiu 

The  pnn  TkAcra  or  thr  Brain  smt. 

In  addition  to  the  tracts  mentioned  above,  whtdi  traverse  the  biain  stem  to  a  greater  or  less 

extent,  such  as  the  pyramidal  and  cerebropontile  tracts,  there  are  important  paths  belonging  to 
the  brain  stem  itself,  and  of  these  the  most  important  is  the  jllkt  or  lemniscus  (Figs.  6^1.  652, 
664  to  66g,  and  672),  whose  position  has  been  already  discussed  (see  page  172}.  Its  tibers  have 
their  origin  in  the  nuclei  of  the  posterior  fasdcuK  (nucleus  gradtis  and  nucleus  cuneatus),  and  as 

*  [.\$  indicated  above,  the  fajwnculus  rrtroflcxus  is  prol>al>ly  to  tic  regarded  as  a  (lortion  of  the  olfactfwy  system, 
the  habcnular  ganglion  being  in  connection  with  the  rhinencephaJon  l>y  means  of  the  trt-nta  thalanii.  To  the  interped- 
uncular rcgkm,  in  which  the  iMciculus  rctroflexus  tcrmioaics,  fitwn  alio  pus  from  the  audiloiy  and  opdc  centers,  and 
aU  thoe  three  aennry  ttacta  wil!  find  ia  thit  ngkm  pMnlnlities  for  connectioa  irith  the  nwdkl  hnq^tudjdal  bundle,  which, 
with  its  prolongattca  b  the  apiiiil  cord,  the  ndcomaffbwi  bundle,  n»j  Kfwcwnt  a  direct  ledex  path  for  (pedal  mom 
stimuli, — Ed.] 

t  Thriie  fibers  paaa  partly  dbwtly  to  the  nrebdliim  and  partly  dccuwate  with  the  lemniscus  fibers  in  the  raphe 
ai  the  medulla  and  then  pas  aa  aitcnial  aiciiate  fiben  (ice  pag^  173)  over  the  ventral  surface  of  the  medulla  to  the 
vntttvn  body. 
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internal  arcuate  fibeis  pass  toward  the  median  line,  cross  in  the  decussatkm  of  the  kmaiscus, 

and  further  on  in  the  tafbi  of  the  medulla  oblongata,  and  form  the  ventral  part  of  the  intcroIi\  ary 
stratum  of  the  kmnisrus.  In  the  region  of  the  pons,  more  precisely  in  ihv  antral  portion  of 
its  dorsal  part,  they  form  a  more  compact  bundle  and  diverge  more  and  more  from  the  median 
line,  and  the  tract  known  as  the  meiui  lamnscus  *  penetrates  into  the  tegmentum  of  the  cerebral 
peduncle  and  through  it  to  the  Uteral  thalamic  nucleus.  This  tract  h  strengthened  partly  by 
fibers  ascending  directly  from  the  cord,  and  especially  by  fibers  which  come  from  the  sensory 
nuclei  of  the  trigeminal,  glcKsopharvnirca!,  rmd  vat^us  ncn-cs. 

In  addition  to  the  medial  lemniscus,  a  special  tract  lying  dor-al  lo  i!,  tiic  mcdid!  lovi^itudinal 
jascieulus,  must  be  mentioned.  It  extends  as  a  longitudinal  bundle,  ^ituated  clo^e  lu  the  mcxiian 
line  (see  page  176),  from  the  mesencephalon  (nuckus  0}  ike  nudial  longiiudinal  fasckidus,  page 
159)  to  the  spinal  cord.  It  is  strengthened  considerably  by  fibers  coming  from  the  so-called 
Dcitcr's  nuckii?  or  nttrleus  of  the  latirtt!  v<  sUhuI'ir  nm'e,  which,  crossing  the  median  Une,  {)ass 
in  the  fasciculus  of  the  opposite  side,  jiar'.ly  CLnlrifugally  to  the  spinal  cord  and  partly  ccntrii>efallv 
to  the  mesencephalon.  In  addition  the  median  longiiu<linal  fasciculus  communicates  by  numer- 
ous collateral  branches  with  the  nudei  of  the  nerves  of  the  eye  musdes.t 

The  remaining  tracts  of  the  brain  stem,  the  lateral  lemniscus  included,  are  dther  parts 
cranial  nerve  paths  or  have  been  aheady  mentioned  in  the  description  of  the  restifonn  body 
(page  183). 

NIICUBI  AND  PATHS  OF  THB  CRAMML  NBKVBS. 

As  a  coodusion  to  the  description  of  the  brain  the  origins  and  courses  of  the  twdve  pairs 

of  cranial  ncr\'cs  may  hv  1)rielly  described: 

1.  The  first  or  oljactory  ncn-c  passes  in  the  form  of  numerous  soft,  gray,  non-mcdullated 
fibers  through  the  lamina  cribrosa  of  the  ethmoid  into  the  upper  part  of  the  nasal  cavity  (see 
VoL  n,  page  87).  Its  fibers  arise  from  the  olfactory  cells  of  the  nasal  mucous  membrane 

2.  The  o^ic  ttmfe  (Figs.  647  and  649)  ari>e-  from  the  optic  chiasma,  the  optic  |>art  of  the 
hypotha!nmi!<;.  This  represents  an  incomplete  decu^^aiion  of  the  two  optic  tracts,  which  enter 
the  thalamus  and  mctathalamus  by  two  roots.  The  origin  of  the  optic  nerve-fibers  is  in  the 
ganglion  cells  of  the  retina  and  from  these  the  fibers  pass  through  the  optic  ner\-c  to  the  chiasma, 
where  most  of  them  cross  and  traverse  the  optic  tract  to  the  primary  optic  centers,  which  are  in 
the  pulvinar,  superior  corpora  quadrigemma,  and  lateral  geniculate  body  (see  pages  157,  158, 
and  t  ;9>.  T 

3.  The  ocuiomolor  nerve  (Figs.  076  and  ()77'!  i-?  piirely  motor.  It  ari-.c<  at  the  tloor  of  the 
cerebral  aqueduct  from  a  shorter,  small-celled  median  and  longer,  larger-celled  lateral  nucleus. 
Its  fibers  pass  through  the  tegmentum  to  the  sulcus  of  the  oculomotor  nerve,  whm  they  unite 
to  form  tlie  ne^^-e  trunk.  The  nerve  on  either  Side  contains  not  only  fibeis  from  the  median 
nudeus,  but  also  from  both  lateral  nudd. 

*  The  lateral  Icinniscus  (fillet)  b  •  part  of  tlie  MOIUtfe  p«Mh  (tWinCB  187). 

t  Se*  footnote  on  pag*  tRj[. 

*  There  are  also  fibers  in  the  optic  nerve  which  pass  from  the  retina  directly  to  the  cortex  of  the  cuncus  (the  sec- 
ondary optic  cenler)  without  tnveriiiig  the  primary  centers,  and  others  which  arise  from  the  primary  centers  and  pass 
cMtrifu^jp  to  the  retina. 
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4.  The  trochlear  nerve  (Figs.  676  and  677)  is  also  purdy  motor,  and  has  its  origin  in  the 
nucleus  of  the  trochlear  ncnc  situated  in  the  floor  of  the  cerebral  aqueduct.  The  roots  of  both 
sidt's  cross  in  the  anterior  medullar)'  velum,  forming  the  decussalian  oj  ihe  trochlear  nerves,  and 
make  their  exit  on  either  side,  lateral  to  the  frenulum  of  the  anterior  medullar)'  velum. 

5.  The  trigeminal  nenr  (Figs.  676  to  678)  consists  of  a  smaller  motor  part,  the  portio  minor 
and  a  larger  sensor)'  part,  the  portio  major.  The  motor  root  arises  from  a  main  nucleus  lying 
in  the  dorsal  part  of  the  pons,  and  also  as  a  descending  [mesencephalic)  ramus  from  the 

Nutieus  of  oculomotor 
Nucleus  oj  oculomotor  nerve  (mesial  accessory  Xueleus  of  • 
nerve  (thief  nuc.)  nuc.)  optic  nerve 

■     -  ■ 


Descending  mesencephalic  root 
of  trigeminal  nenr  (u-ilh  — 
nucleus) 
Portio  minor  (motor)  oj'^^ 
trigeminal  nenr 
Trochlear  nene 

Decussation  oj  

trochlear  nerves 
Motor  nucleus  of,.--' 
trigeminal  nerve 


Nucleus  of  facial  nenr 
Glossopharyngeal  tien  e 
Nucleus  of  abducent 
nene 
Vagus  nent  / 

Accessory  nenr 
Motor  nuclei  of  glossophar-/' 
yngeat  and  i-agus  nrnrs 
Nucleus  of  hypoglossal  ner-'r 
Nudeus  of  acuuory  nenr  ' 


Trigeminal  nenr 


"^Nucleus  of  trochlear  nerve 

Acoustic  nenr 

Sensory  nucleus  of 
trigeminal  nene 
Glossopharyngeal  nervt 
Vagus  nenr 

/"  'Nucleus  of  cochlear  nenr 

-  Nucleus  of  vestibular  nerve 

Accessory  nerve 

^  Nucleus  al<r  einerett  {IX  -i-X) 

"Spinal  tract  of  trigeminal  nervt 
and  its  nudeus 

Solitary  tract  (and  Us  nucleus) 


Fig.  676. — The  nuclei  of  the  second  to  the  twelfth  cerebral  ner\cs  schematically  introduced  into  Fig.  660. 

Sensory  nuclei,  blue  ;  molqr,  red.  Of  the  sensor,-  nuclei,  those  of  the  optic  and  xcstibular  nerves  are  violet ; 
that  of  the  cochlear  nerve,  blue.    The  motor  nuclei  arc  depicted  upon  the  left,  the  sensory  upon  the  right. 

nucleus  of  the  descending  root  in  the  mesencephalon  and  from  cells  of  the  locus  cccruleus.  Its 
root  fibers  form  the  minor  portion  (see  page  194). 

The  sensory  fibers  arise  from  the  semilunar  (Gasserian)  ganglion  fscc  page  194)  in  a  manner 
similar  to  the  roots  of  the  sensory  spinal  ner\'es  (sec  page  121).  The  fibers  enter  the  substance 
of  the  pons  and  here  divide  into  ascending  and  descending  fibers;  the  former  go  to  the  sensory 
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main  nucleus  in  the  pons,  while  the  latter  form  the  spimil  tract  and  pass  to  its  nucleus,  which  is 
the  caudal  prolongation  of  the  nucleus  situated  in  the  pons,  and  as  the  gelatinous  substance 
(Rolando)  extends  into  the  ccn-ical  part  of  the  spinal  cord.  For  its  conncctiorLs  with  the  cere- 
bellum, see  page  183.  From  the  sensory  nucleus  the  fibers  pass  to  the  thalamus  by  way  of  the 
medial  lemniscus. 

6.  The  abducetts  nerve  (Figs.  668,  676,  and  677),  also  a  purely  motor  ncr\"c,  arises  from 
the  nucleus  of  thcalnlucens  nen-e  situated  in  the  rhomboidal  fossa  (see  page  175).  Its  root 
fibers  pass  ventrally  to  make  their  exit  at  the  lower  border  of  the  pons. 


Oculomotor  ntrvf 


Porliu  minor' 
Facuil  nent 
Ahduani  iienf 
Acoustic  iierit' 

Ilypogtoiuil  nrrre  / 
Clossopkaryngcil  ntr:  e  / 
Vilgui  ntnt' 

Atttssory  nmt  * 


XucUus  o)  oculo- 
moUtr  nervt 

I>rsc.  mestnctph. 
root  of  nervt  V 
.S'ucUui  oj 
IrochUar  nenx 
■ptcuisation  oj 
ItiKklear  nent 
Trochlear  nen-e 
Motor  nudeui  of 
trigeminal  itent 


S'ucleus  of 
T — facial  nen-e 

Interniil  knee  of 
'  jatial  nrn  r 
—  Sucleus  oj 

abducent  nene     "clrus  oj 

•.tstxhuhr 

Motor  nuclei  of  nen-c 
^xa/^us  and  gloiso- 
pharyngeal  nents 


Xucleus  of  hypo- 
glossal nen-e 

X  lit  If  us  of 
auessory  nen'C 


Xucleus 
alir  cmerft,-- 


^  Nueleus  of 
;'V  optic  nen-e 


Optic  ntne 


Sensory  nucleus  of 
trigeminal  i.erve 


Pars  major 
(sensory  )  of 
trigeminal  nerve 


Xucleus  of 
trochlear  tttn-e 
(Jlossopharyngeal 
'nmt 


i'agus  nen-e 

Solil<>ry  fasciculus  -r 
nucleus  oj  sol.  fast. 
Spinal  tract  oj  Irigtminal 
nent-r  nucleus  of  spin,  tract 


Figs.  677  and  678. — Representations  of  the  nuclei  of  the  second  to  the  twelfth  cranial  nerves,  as  viewed 

from  the  left  and  from  the  right. 
In  Fig.  677  the  motor  nuclei  and  root*  arc  indicatinl  in  red  (the  rinit  fil»crs  of  the  hy^mglossal  nerve,  red  dotted); 
in  Fig.  678  the  sc-nsorv  nuclei  and  roots  are  colored  blue,  except  that  of  the  vestibular  and  optic  ner\'cs,  which  are  violcL 


7.  The  facial  ticnr  (Figs.  668,  676.  and  bfj)  is  purely  motor  and  arises  from  the  nucleus 
of  the  facial  nerve  in  the  dorsal  part  of  the  pons.  Its  root  fibers  arch  around  the  abdui  cns  nucleus, 
and  a  distinction  is  made  between  the  first  part  of  lite  root,  which  ascends  dorsomedially  from 
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the  nucleus  to  the  re^on  of  the  fadal  coUiculus;  the  internal  genu,  which  forms  the  bend  just 
below  the  surface  of  the  rhomboidal  fossa;  and  the  vcntrally  directed  second  pari  oj  the  root, 
which  emerges  between  the  posterior  border  of  the  pons  and  the  upper  border  of  the 
dive. 

70.  The  MilerMMrfMie  nerve  {nerve  of  Wriderg)  courses  for  a  distance  along  with  the  facial 

nerve.   It  is  sensoiy  (see  page  005)  and  arises  in  the  gemculate  ganglion  of  the  facial  nerve  and 
passes  by  its  centripetal  nerve  prolongations  to  the  nudei  of  the  glossophaiysgeai  nerves 
especially  to  the  nucleus  oj  the  solidary  trad* 

8.  The  audUory  nerve  (Figs.  667  and  676  to  678)  consists  of  two  parts  with  decidedly  different 
origms,  the  cochlear  and  vestibular  nerves. 

The  eochtear  nerve  is  a  sensoiy  ner\c  whidi  arises  from  tlu  sfnral  ganglion  oj  the  eoMea 
('■e^  paj^e  284).  The  centripetal  continuations  of  the  nm-e  ctlls  of  tlie  ganglion  enter  the  upper 
portion  of  the  medulla  dost*  to  the  exit  of  the  facial  nerve  and  pass  to  the  vetilral  acoustic  nucleus, 
which  represents  the  ventral  cochlear  nucleus,  and  to  the  ganglion  ccUs  of  the  acoustic  tubercle, 
the  dorsal  codikar  nucleus.  From  these  nude!  the  cochlear  path  passes  as  flie  UOend  kmnisais 
to  the  medial  geniculate  body  and  the  posterior  corpora  quadrigcmina,  and  is  i  orn]KJscd  of — 
I.  The  trapezoid  hoJy,  a  path  coming  from  tlu-  vt  ntral  niu  !(  u>  and  crossing  the  median  line 
(see  pa;^e  17O1;  The  medullary  stria',  of  ihv  rhom!)oi(lal  fov-a  and  some  neighboring  fibers, 
which  curve  around  the  rcstiform  body  and  before  entering  the  lateral  lemniiicus  pass  to  the 
opposite  olive,  decussating  in  the  raph6. 

The  vestibular  nerve  has  its  odgjn  in  the  vestibular  ganglion,  and  its  fibers  pass  to  the  brain 
together  with  those  of  the  cochlear  ncr\'c  and  with  them  enter  the  medulla  oblongata,  in  which, 
however,  ihcy  pa-<s  to  different  niich'i,  which  form  llir  dorsal  nufU  ii^  of  the  aroii>tic  non  e.  Four 
of  these  nuclei  can  be  recognized,  a  medial  nucleus,  lying  in  the  acoustic  area  of  the  rhomt>oidal 
foKa,  a  nei^boring  superior  nudeus  (Bediterew*s  niicleus)»  a  more  lateral  and  somewhat  deeper 
lateral  nudens,  and  the  sj^inal  nueteuSf  which  extends  to  the  lower  end  of  the  meduUa  oblongata. 
The  fibers  passing  to  the  latter  nucleus  arc  known  as  the  spinal  acoustic  root.  A  part  ol  the  root 
fibers  of  the  vestibular  nene  go  directly  to  the  cerebellum  (<ec  page  iSt,). 

9  and  10.  The  glossopharyngeal  and  vagus  (Figs.  676  to  679)  are  mixed  nervc*s,  and  have 
common  nudd  in  the  medulla.  Each  consbts  of  a  motor  and  a  sensor}'  i^rt,  the  motor  part 
of  both  nerves  arishig  in  tiie  motor  nucleus  <tf  the  glossopharyngeus  and  vagus  in  the  floor  of 
the  rhomboidal  fowa  and  from  the  nucleus  ambiguus. 

The  sensory  fibers  come  from  the  superior  and  petrosal  (IX)  and  the  jugular  and  nodose  (X) 
ganglia,  whose  centripetal  processes  pass  partly  to  the  nucleus  oj  ilie  da  cinerea,  and  partly 
descend  as  the  solitary  tract,  to  the  midens  of  the  sdiiary  trad.  From  these  fibers  pass  to  the 
thabuDus  in  the  medial  lemniscus. 

II.  The  accessory  nerve  (Figs.  676  and  677)  is  purely  motor.  Its  nudeus  is  narrow  and 
elongated  and  extends  from  the  fifth  or  seventh  cer\ical  segment  of  the  spinal  cord,  where  it 
appears  as  a  group  of  ganglion  cells  in  the  lateral  portion  of  the  anterior  gray  column,  upward 
to  the  middle  i)art  of  the  mefiullu,  where  its  nucleus  is  situated  in  the  lateral  portion  of  the  reticular 

*  [The  intermediate  nerve  it  usually  regarded  as  the  seosor}'  part  of  the  facial  nerve,  which  then  belongs  lo  the 
eiSKffKj  of  Briasd  penH.— Em.] 
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Fig.  679. — ^Tbe  dura  ouUer  with  iU  arteries  and  sinuses,  tbe  veins  of  the  orbit,  and  the  course  of  the 
twdve  pain  of  cerelntll  nerves  through  the  duni  mater. 

Th<r  Icfl  orbit  lia»  bcvn  opened.  I'pon  the  right  the  lenluriucn  unU  ili  hiis.  l-mi  removed,  the  tommentcinfnt 
of  ihe  transverse  smus  opeaed,  and  the  dura  mater  excised  aiong  tbe  etner|>iiig  nerves  and  the  middle  meningiBai  artery. 
*  —  MenUigcAi  aerve  mnd  moaatooMMis  widi  the  spiMd  nerve.      —  Cta  c4ge  «f  teDlarlun. 


{oimation.  The  root  fibeis  emeige  as  a  number  of  smaQ  bundles  from  the  refftm  of  the  lateral 

funiculus.* 

12.  Thf  hypng!:)<.uil  ncn-c  (Figs.  676  and  677^  is  also  motor,  and  its  nuclei;^  is  pitn:uc<l  in 
the  trigone  oj  the  hypoglossal  nerve  in  the  rhomboidal  fossa.  The  root  fibers  pass  ventrally  between 
the  medial  accessory  aljve  and  olive  to  the  groove  between  the  pyramid  and  olive. 

THE  MEMBRANES  OF  THE  BRAIN. 
In  the  brain  uc  recognize  the  same  membranes  as  in  ihe  spinal  cord — namely,  the  dura 
makr,  the  arcckmndt  and  the  ^  mater. 

The  encefhdie  dura  mater  (Fi^.  589  and  679  to  681),  although  it  is  practically  a  direct 

extension  of  the  spinal  dura  from  the  foramen  magnum,  differs  from  it  by  being  somewhat  thicker, 

and  r'^perinlly  !KT;iust  at  \hc  same  time  it  forms  the  inner  jn'riostcal  layer  of  the  cranium,  and 
is  thus  formed  of  two  laminx,  the  periosteal  and  ihc  dural,  which  are  for  the  most  part  com- 
pletely fused. 

The  dura  mater  has  a  shining  whitish  color  and  is  composed  of  crossed  oblique  and  longitu- 

dinal  fibers,  and  lies  closely  upon  the  inner  sutfoce  of  the  cranial  fossa,  of  which  it  takes  an  exact 
impression.  It  varies  somewhat  m  thirkncss;  where  it  pas'^es  tliroimli  ffiramina  of  the  skull 
with  vessels  and  nerves  il  decreases  remarkably  in  thickness,  forming  sheaths  for  the  emerging 
nerves. 

In  addition  to  forming  an  internal  lining  for  the  cranium,  it  has  three  processes  which  extend 

between  separate  portions  of  the  brain  and  partly  sene  as  supjwrts  for  iL  The  whole  surface 
of  \hc  dura  f;u  ini^  the  (  lanial  fossa,  as  well  as  both  --'.irfaio  of  the  flat  proet'S'^es,  aro  qitife  smooth 
and  glossy,  while  the  surface  lying  next  the  cranial  Ijuir-s  and  serving  as  their  periosteum  is 
uneven  and  rough,  especially  at  the  base  of  the  cranium,  where  it  is  more  closely  adherent  to 
the  bone  than  on  the  inner  surface  of  the  roof,  numerous  small  blood-vessels  penetrating  from 
the  dura  mater  into  the  cranial  fjones. 

Tn  certain  rej^tons  the  two  lamina'  of  ihc  d'.ira  sejsaratr  to  cnclo-;e  smooth  cavities  and  i  anals, 
of  which  tlu  mo-t  important  are  the  sinuses  oj  the  dura  mater,  the  large  blood-vessels  of  thr  dura 
mater  (see  pagt-  85).  .\nothcr  large  cavity  of  the  dura  is  the  space  which  encloses  the  semilunar 
ganglion  of  the  trigeminal  nerve,  the  so-called  Meclcel's  cavity.  A  large  dural  process  extends 
into  the  subarcuate  fossa  of  the  temporal  bone  and  fiUs  its  cavity  completdy. 

Special  formations  of  the  <'n<  rj»]ia!i(  dcra  mater  are: 

T.  Tfir  Dr.Tphrnf^inn  .SV//f  F:;..^.  6-1)1.  Wliilt-  a  thin  lamina  of  dura  covrr-  the  Hoor  o!  the 
sella  turcica,  a  lamina  |jerforaic-d  at  the  tenltr  txtt-nd^  Iran.sversely  across  it^and  connects  the 
anterior  and  posterior  dinoid  pincesses;  this  is  the  diaphragm  0}  (he  sdla.  It  separates  the 

*[The  wcaeuarf  nerve  is  morpbdoi^callr  »  ponion  of  the  ngm,  and  beiin  lo  that  nerve lomeirhat  the  Mine  rela- 
tion tint  tbe  descending  or  oewKcphiilic  root  «f  tbe  trigeinioia  docs  to  iti  nerve.— Ed.] 
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hypophysis  from  the  rest  of  the  brain,  except  for  its  connection  tlirough  the  infundibulum,  which 
posses  tbrou^  the  oe&tzal  peifontion,  the  joramen  0/  the  diaphragm. 

a.  The  Fdx  Cerebri  (Figs.  589,  680,  and  681).— This  is  the  hugest  of  the  three  processes 

projecting  from  the  dura  into  the  cranial  fossa,  and  Is  attached  by  coe  border  to  the  dura  of  the 
roof  of  the  skull,  while  the  other  concave  Ixirder  i>  free.  It  forms  a  sickle-^ihaped  sajrittal  plate, 
which  dips  into  the  longitudinal  cerebral  iissxtre  and  terminates  with  its  free  edge  just  above  the 
surface  of  the  corpus  caUosum.  Its  anterior  end  is  fastened  to  tlie  crisiu  galli  of  the  ethmoid, 
its  upper  convex  bolder  separates  into  two  diverging  lamins,  whidi  are  attadied  to  the  Crontal 
crest  and  to  the  borders  of  the  sagittal  sulcus  down  to  the  cruciate  eminence,  and  with  the  parietal 
dura  they  bound  the  superior  sagittal  sinus  (see  page  85).  The  free  conca\e  border,  which 
lies  alx)ve  the  corpus  caUosum,  is  mrt'^idenibly  shorter  than  the  upper  convex  bortler,  sincp 
anteriorly  it  is  attached  to  the  crista  galli  and  posteriorly  it  unites  with  the  upper  surface  of  the 
tentorium  (see  bdowr).  Along  this  line  of  attachment  also  the  two  lamins  of  the  dura  separate, 
and  with  the  surface  of  the  tentorium  form  the  strai^t  sinus  (sec  page  85). 

3.  The  tentorium  (Figs.  589  and  670  to  68i)  is  a  roof  like  jdatc  of  dura  stretched  over 
ihr  posterior  cranial  fossa  and  separaiinf^  the  cerclicllum  from  the  inferior  surface  of  the 
ccR'bral  hemispheres.  It  has  its  origin  on  cither  side,  first,  from  the  superior  angle  of  the  pyramid 
of  the  temporal  bone,  and,  while  (massing  over  the  foramen  lacerum,  also  from  the  postenor  clinoid 
piocess,  and  second,  from  the  tipper  bolder  of  the  transverse  sulcus.  The  two  halves  of  the 
tentorium  meet  at  an  oblique  angle  in  the  median  line,  forming  a  low  roof  like  ridge  with  \\h\c\\ 
the  fK>sterfor  portion  of  the  lower  border  of  the  fa!\  c crehr;  unites.  In  front  of  this  union  the 
two  hahes  of  the  tentorium  are  separated  by  an  oval  opening,  bounded  anteriorly  by  the  sella 
tivdca  and  laterally  and  posteriorly  by  the  fxvt  medial  bndcr  of  the  tentorium,  in  ^  opening, 
the  Umlorial  nokhf  lie  the  pons  and  quadrigeminal  plate  ol  the  cerebrum,  the  posterior  Ixttder 
of  the  notch  corresfwnding  to  the  posterior  end  of  the  transverse  cerebral  figure.  The  upper 
surface  of  the  tentorium  is  moderately  con\  ex,  the  lower  concave,  and  alonj:  it«  line  of  attachment 
it  forms  anteriorly  tlic  superior  petrosal  sinus,  and  posteriorly  the  transverse  sinus  ^mge  85). 

The  idx  eertAelli  (Fig.  589)  is  a  short  prooen  <rf  the  dura  mater,  broad  above  and  narrow 
bdow,  which  projects  into  the  posterior  cerebdlar  notch  and  the  vallecula  between  the  two  cere- 
bellar hemispheres.  It  has  its  origin  at  the  internal  occipital  crest  and  is  attached  above  to  the 
tatorium.  In  its  lower  portion  it  diminishes  very  rapidly  in  height  and  ends  frequently  in 
two  diverging  limbs, 

The  tncephdlic  arachnoid  (Fip.  6S0  and  681}  is  a  delicate  membrane,  resting  upon  the  brain. 
In  contrast  to  the  pia  mater  it  passes  over  all  the  depressions  of  the  brain  surface,  not  only 

o\'cr  its  fissures,  but  al.so  over  the  deep  groove  and  cavities  of  the  base  of  the  brain.  Its  external 
surface  is  separated  from  the  dura  only  hy  a  narrow  space,  the  subdural  cavity,  but  from  the  pia 
mater,  which  fits  tightly  upon  the  surface  ol  the  brain,  it  is  partly  separated  by  relatively  large 
spaces,  while  at  other  prominent  portions  of  the  surface  both  lamina;  lie  close  together.  The 
space  which  separates  the  pia  mater  from  the  arachnoid  is  the  anchuideal  eavUy,  containing 
the  aiachnoideal  fluid  or  the  external  cer^tro-spin'.il  <!uid*),  and  is  scparatni  into  a  number  of 
laigie portions,  which  communicate  with  one  another  an<l  arc  separatcfl  hy  relatively  short  intervals. 
*  The  red  cerehcoepfaiJ  liquor  is  that  which  fills  the  intcnuU  cavities  oi  the  central  nervous  systeoa. 
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The  wide  rcccs&cs  of  the  subarachnoidcal  space  are  situated  especially  where  the  arachnoid 
bridges  depressions  of  the  surface  of  the  brain,  and  they  are  known  as  the  subarachnoidal  cislerns. 
Of  these,  the  following  bear  special  names: 

1.  The  cerebello-mfdullary  cistern  lies  between  the  medulla  oblongata  and  the  cerebellar 
hemispheres  and  corresponds  to  the  cerebellar  vallecula,  which  it  covers. 

2.  The  cistern  oj  the  lateral  cerebral  jossa  over  the  fossa  of  that  name. 


Fig.  680. — .\  frontal  section  of  the  head  in  the  region  of  the  posterior  fourth  of  the  sagittal  suture. 

Dura  mater,  white;  pia  mater,  blue. 

3.  The  interpeduncular  cistern  corresponds  to  the  interpeduncular  fossa,  and  communicates 
with  the  following: 

4.  The  chiasmatic  cistern  is  between  the  optic  chiasma  and  the  rostrum  of  the  corpus  callosum. 

5.  The  cistern  oj  the  great  cerebral  vein  is  posterior  and  inferior  to  the  body  of  the  corpus 
callosum  and  superior  to  the  quadrigcminal  plate. 

The  arachnoidal  granulations  (Pacchionian  Ixxlies)  are  villus-like  outgrowths  of  the  arach- 
noid, which  may  be  found  especially  on  the  surface  of  the  cerebrum  along  the  sagittal  sinus, 
but  may  also  occur  near  the  transverse  sinus  over  the  cerebellum.  In  normal  development 
they  project  into  the  sinus,  but  if  strongly  developed,  as  they  frequently  are  in  old  age,  they  may 
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pierce  the  dura  mater  and  produce  granular  foveolje  (see  Vol.  I,  page  44)  on  the  inner  surface 
of  the  cranial  roof. 

The  encephalic  pia  maler  (Figs.  680  and  681)  is  thinner  than  the  spinal  pia  mater  and  resem- 
bles it  in  its  relation  to  the  surface  of  the  brain  only  in  the  region  of  the  brain  stem.  In  this 
region  the  pia  is  tougher  than  elsewhere  and  fits  tightly  to  the  surface  of  the  brain,  but  it  may 
easily  be  stripped  from  the  surface  of  the  cerebral  and  cerebellar  convolutions.    It  penetrates 


Fig.  681. — A  frontal  section  of  the  head  in  the  region  of  the  anterior  portion  of  the  sagittal  suture. 

Dura  mater,  white;  pia  mater,  blue. 

into  all  the  surface  fissures  and  linis  them,  and  in  it  the  larger  and  medium-sized  blood-  as  well 
as  lymph-vessels  of  the  brain  have  their  course. 

Among  the  special  formations  of  pia  mater  are,  in  the  first  place,  the  chorioidal  plexuses 
(Figs.  636,  638,  641,  646,  and  681)  already  mentioned,  which  are  folds  of  pia  mater  containing 
a  rich  vascular  plexus,  which  project  into  the  ventricles  of  the  brain.    Generally,  they  appear 
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in  the  form  of  much-lwisUti  bands,  which,  judging  from  their  development,  must  be  regarded  as 
folds  of  pia  mater.  They  are  separated  from  the  ventricular  cavity  by  the  epithelial  chorioidal 
kminx  which  cover  their  sur&ces  vriih  all  their  projections  and  indentations.  The  more  minute 

relations  of  the  various  plexuses  have  already  been  described  in  the  description  of  the  brain 
itsdf.  In  [hi.'  second  plare  ?ho  rhoriotd  h'ln  must  he  mcntionid.  They  arc  dujilicatinn';  of  the 
pia  mater,  which  complete  the  wall  ol  [>arts  ol  the  ventricles  where  no  nen'e  tissue  is  developed. 
Here  also,  the  ina  mater  is  not  directly  in  contact  with  the  ventricular  cavity,  but  is  separated 
from  it  by  an  epithelial  lamina. 

The  bi-ood  vessels  of  the  brain  and  the  vessels  and  nerves  of  its  membranes. 

The  arteries  of  the  bitim  (J  igs.  54i>  and  54^)  come  paitly  Ifom  liit  uUltuj.!  larotid  and  partly  from  the  vertebral 
artery  (sec  {MgeS  30  and  35).  Both  anaclomosc  with  one  another,  as  well  as  with  the  arteries  of  the  other  side  of  the 
brain,  more  extensively  than  is  the  caae  with  any  otbcr  lulery  of  the  body,  the  four  large  cerebral  artcrira,  which  are  the 
atdc  supply  of  the  brain,  formini;  double  anaslomoaes  with  one  another,  which  Be  in  the  region  ol  the  anerial  circle  (see 
I  (ago  37).  On  the  other  hand,  the  arteries  coming  from  the  pia  and  p<?nctratinp  even  into  the  sufwianre  of  tin  !ir:i"n 
are  soK»Ued  terminal  anerica,  ibat  'a,  they  have  only  a  capillary  anastomosis.  The  (jranchiog  of  the  arteries  alwaj« 
takes  i^ace  from  the  pia  mater,  that  1a»  from  the  free  aotrface.  and  the  gray  suliatanicc  of  the  brain,  IObc  that  d  the  ifiinal 
cord,  has  an  extraordinarily  rirh  blood-supply,  wliile  the  white  substance  is  relatively  poorly  su(>piied. 

The  veins  of  the  l)rain  (Fig.  590)  do  not  follow  the  course  of  the  arteries,  and  differ  from  the  other  veins  of  the 
body  by  irr.M  the  sinus,  s  of  the  dura  tnater  (see  page  88). 

True  Ijrmphatic  Teasels,  so  far  as  is  known,  are  not  found  in  tlie  brain.  Tlie  perivascular  sheaths  are  rcg^tfded 
as  lymph  spaces,  as  are  aiso  tlie  sttbarachmrideal  and  subdural  spaces. 

The  l)lo<  "l  vi  -st  ls  of  ihc  in>  nilirancs  arc  divided  into  thosr  of  thr  Hum  rratcr  atld  those  of  the  pia  mater.  The 
latter  are  ideniiLal  wiih  ihu-M-  \  hi-  l.rain;  the  arachnoid  has  no  v-csscls  and  the  arteries  of  the  dura  (Fig.  ^70 1  arc  known 
as  meningeal  arteries.  Their  1  mirs.  is  in  its  external  layer,  ne.xl  to  the  bone,  on  which  they  leave  furruivs  They  ariSe 
as  follows:  i>  From  the  middle  meningeal  artery  of  the  internal  ati^-y  fp*gp  «»),  the  main  artery  oi  the  mctiingea; 
a.  The  anterior  meningeal  from  the  anterior  ethmoidal  (page^^pX^to  tne  dura  in  iSie  1 

terior  meningeal  from  the  ascending  pharytiL-i  il  1 -ige  24)  for  the  dura  near  the  jugular  foramen;  4.  The  mastoid  men- 
ingeal branch  of  the  occipital  (pi^  35}  for  the  dura  of  the  posterior  cranial  fossa;  5.  I'he  meningeal  kxanch  of  the  m- 
tebral  (paRe  jfi)  for  the  dura  about  the  foramen  magnam. 

Thf  nil  nifij;,  aI  Veins  only  p.vtly  follow  tin  .  our'vc  r<f  the  arteries  (double  meningeal  veins  (page  Sq)  acrompanving 
the  middle  meningeal  aiu  ry).    Many  sm.aU  lUL  tiingcal  veins  opvn  into  the  dural  sinuses  directly,  and  they  anastomose, 
as  do  the  dural  sinuses,  with  the  external  cranial  veins  and  with  tile  vebs  of  the  dlptoe  tlttOUgh  «mmusary  Veins.  , 
Lymphatie  venels  are  found  in  the  pia  mater  only. 

The  nervM  of  the  pia  mater  are  very  delicate:  those  (rf  the  dura  are  more  numerous.  The  httcr  originate  mainly 

from  the  three  branches  of  t;i<  ti  i.j;<  mkhu--.  iml  :i  r  the  tentorial  nerve  fronr  the  ophthalmic  division,  the  meningeal  from 
/  the  maxillary  division,  and  the  recurrent  spinous  nerve  from  the  mandibular  division.    The  meningeal  branch  of  the 
V  *njn»  «l*>  wpplies  the  dura  mater.  — 

T\Ui  1:^ER1PHHRAL  NERVOUS  SYSTEM. 

The  peripheral  nervous  system  comjiriscs  the  ramifications  of  the  ncncs  which  emerge 
from  the  fafain  and  spinal  cord,  that  is  to  say,  the  ramifications  of  the  twelve  txrebial  and  thirty-one 
spinal  pairs  of  nerves.  The  system  may  be  divided,  dierefore,  into  the  ctr^id  and  the  spituU 
nerves. 

The  Cerebkal  Nerves 

According  to  the  usual  enumeration  there  arc  twelve  pairs  of  cerebral  ncncs,  thr  nlfnrtor>- 
ncf'-o-.  hf-tnfj  Inircthcr  ron«Herer!  am-,  and  tlu-  intrrmediatc  nerve  being  r^arded  as  part  of 
the  facial.    The  twelve  cerebral  nerves  arc  then  as  follows: 
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1.  The  oljaclory  nerve.  .    7.  1  he  jactai  nerve       ihc  inier mediate). 

2.  The  optic  nave.  '    8.  The  acoustic  nerve, 

3.  The  oaiiomoior  neive. '  9.  The  ^ssophwyngetd  nerve. 

4.  The  trochlear  ttfrve.  10.  The  vagus  nerve. 
The  trigeminal  neri-e.                      11.  The  accessory  nenv. 

6.  The  atxiucens  mrm.  12.  The  hypoglossal  nenc. 

I 

Of  these,  the  purely  mptor  nerves  are:  the  ocuknnoior,  the  trochlear,  the  abducem,  the 

facial  (without  the  inlermoliate),  the  accessor}-,  and  the  hypoglossal.  Three  are  sensory:  the 
olfactonr*,  the  optic,  and  thfc  acoustic;  the  remaining  three,  the  trigeminal,  the  plossophar)*ngeaI, 
and  the  vagus,  are  mixed.  The  origin  of  these  ner\  es  in  the  brain,  as  well  as  their  exit,  has  already 
been  discussed;  their  course  and  ramificatira  from  the  base  of  the  brain  are  now  to  be  described. 
Since  the  three  sensory  nerves  will  be  discussed  with  the  respective  sense  otgiaas  in  this  chapter, 
the  other  nine  nmes  only  need  be  considered  here. 

THE  NERVES  OF  THE  EYE  RIUSCLES. 

The  third,  fourth,  and  sixth  cerebral  nerves  go  to  the  eye  muscles  and  represent  their  motor 
nerves.  They  resemble  anterior  roots  of  the  sphial  nerves  and  are  homologous  to  them. 

The  octtkmotor  nerve  (Figs.  546,  547,  679,  682,  and  683)  arises  at  the  base  of  the  brain 

by  root  filaments  whidi  a))pcar  in  ihv  siilriis  of  \hc  oculomotor  ner\*e.  The<c  form  at  first  a 
flat,  and  then  a  rounded,  nerve  which  passes  between  llie  j>osterior  cerebral  and  superior  cerebellar 
arteries.  It  pierces  the  dura  mater  on  the  medial  side  of  the  posterior  clinoid  process  and  enters 
the  cavernous  sinus  (page  86),  in  which  it  passes  forward  and  a  little  laterally  to  the  superior 
orbital  fissure,  lying  lateral  to  the  internal  carotid  artery  and  anastomosing  by  ddicate  rami 
with  the  carotid  syinpathctir  plexus.  It  enter*  the 'superior  orbital  fi.-.-urc  on  the  lateral  -idc 
of  the  optic  nerve,  but  lies  medial  to  the  abduccns  and  interior  and  medial  to  the  ophthalmic 
nenc.  , 

In  the  superior  orbital  fissure  the  nerve  divides  mto  an  upper,  weaker,  and  a  lower,  stronger 
branch.   The  superior  ramus  passes  above  the  optic  nene  to  the  lc\ator  palpebra;  superiwis 
and  to  the  -superior  rectus  mt^clcs,  the  ?fronj7cr  injrrior  ramus  l)ranrli(>  f)do\^:_tl!i'  ojjt iiLJKJFve- 
and  uives  otT  rami  to  the  inferior  rectus,  the  mc<iial  rectus,  and  inferior  oblique,  an<i  it  al<o  ^ives 
a  short,  but  rather  strong,  branch  to  the  cilian--  ganglion,  ihe  short  root  oj  the  ciliary  ganglion. 

The  trochlear  nerre  (Figs.  546,  547,  679,  682,  and  683)  leaves  the  brain  close  to  the 
frenulum  of  the  anterior  medullary  velum  (see  page  160).  It  is  a  very  long  and  very  thin  nerve, 
whicli,  Ijcfore  entering  the  orbital  cavity,  has  a  remarkably  long  course.  From  its  origin  from 
the  riiombencejrhalif  isthmus  the  ncr\e  winds  about  the  hrachia  conjunctiva  and  i  erel^ral  jjcdun- 
dc  lo  the  ventral  side  of  the  brain,  where  it  comes  to  view  between  the  pons  and  the  medial  border 
of  the  temporal  lobe.  It  then  pierces  the  dura  mater  behind  the  posterior  clinoid  process  and 
passes  through  a  narrow  canal  in  the_uppr.  lateral  wall  of  the  cavernous  sinus.  In  so  doing 
it  crosses  the  oculomotor  nerve  at  its  entrance  mto  the  dura  mater,  having  been  to  the  lateral  side 
of  that  ncr%  e  up  to  the  point  mentioned  ind  it  then  comes  to  lie  medially  and  above  the  'Semilunar 
ganglion  of  the  trigeminal  and  |ialmic  nerve.   In  the  orbital  cavity  the  trochlear  nerve 
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Fig.  682.— i  he  nerves  and  arteries  of  the  orbit  (superficial  la;^). 
The  roof  of  the  ortni,  the  periorbita,  and  the  upper  portbn  of  the  outer  wall  have  been  remove*!.   The  dura  mater 

ha*  been  divided  along  the  middk-  r)u-iii:i>;<-.il  Ai)i-r\  am!  in  thi-  m  I^hl-frhixxl  nf  ihf  semilunar  punglion  .iiid  1  >:*  ttic  "irSital 
nervcB.  *  —  Accctaory  vewcla  to  the  lachrymal  ^and  from  the  zygotnaiico-orbita)  branch  of  the  anterior  deep  tei»[jora] 
artery.         Orhital  fat. 

Fig.  683. — The  ner\es  and  arteries  nf  the  orbit  (second  layer), 
The  dissectiun  ihc  same  as  in  i-'ig.  b62,  ra«pt  that  ihe  greater  protioD  of  the  frontal  branch  of  (be  ophthalmic 
Dervc  has  been  excised,  the  orbital  fat  OH'  the  outCT  tide  partly  removed,  and  the  rectua  mpenor  and  levator  palpehrK 
Kiperioria  drawn  lo  one  ade.  I 

  .         .   *   I 


lies  (\uhc  suiJi  rfji  iai.  1)l!o\v  the  periorbita  of  the  roof  of  the  ca\  ity.  and  j^asscs  forward  and 
medially  to  ihr  suju  rior  oh!i{]i!o  muscle,  into  which  it  enters  from  al.oxf  and  medially^ 

The  abducens  nerve  (Figs.  54O,  547, 679, 682,  and  683)  leaves  the  brain  in  the  fissure  between 
the  anterior  end  of  the  pyiumid  of  the  medtiUa  oblongata  and  the  posterior  border  of  the  pons, 
It  penetrates  the  dura  mater  in  (he  posteriw  cranial  fossa,  or  more  precisely,  on  the  latend  surface 
of  the  l  Hn  UN.  .irifl  -inks  into  the  cavernous  sinus,  through  which  it  pa-sses  for  a  long  distance 
almost  lioriiionially,  h  ini,'  (  lonely  lateral  to  the  internal  carotid  aru-ry.  and  so  rearhc?  the  -ttpcrior 
orbital  fissure.  It  is  a  coni[»arativtly  large  nerve,  being  twice  the  thickness  of  the  tnnlik-arjand 
sends  several  fibers  to  the  sympathetic  plexus  of  the  intcinal  carotid.  From  the  anterior  end  of 
the  cavernous  sinus  it  enters  the  orbit  below  and  lateral  to  the  ophthalmic  nerve  and  courM  >  below 
the  lachrymal  nerve,  in  the  up{)er  part  of  the  orbital  cavity,  to  the  medial  surface  <rf  the  lateral 
rectus  muscle,  which  it  supplies. 

THE  TRIGEXUNAL  NERVE. 

The  trigeminal  nerve  (Figs.  541  to  547,  591,  592,  679,  682  to  687,  and  689  to  692)  is  the 
strongest  of  all  the  cerebral  nerves;  it  emerges  from  the  brain  at  the  anterior  border  of  the  base 

of  ilii  1>rachium  of  the  pons  and  is  dividetl  into  a  weaker  motor  portion,  the  portlo  minor,  anti  a 
sironL;<  r  -en-nry  jtortion,  the  portio  major.  The  rrxit  ftlHT-  of  tin  ]  ortio  major  are  collected  into  a 
reticular  tiat  ia.sciculus,  while  the  minor  portion,  in  the  torm  of  a  more  compact  bundle,  rests  upon 
the  medial  surface  and  the  anterior  border  of  the  sensory  nwt.  The  nerve  trunk  so  formed 
passes  anterdaterally  throu^  an  dongated,  oblique  opening  of  the  dura  mater  at  the  root  of  the 
tentorium,  behind  the  jxislerior  clinoid  process,  and  comes  to  lie  in  Mcxkel's  cavity  of  the  dura, 
a  llat  space  situatetl  lateral  to  thr  cavernous  sinus,  whose  floor  is  formed  by  the  triircminal  imprts- 
sion  on  the  pyramid  of  the  temporal  bone,  covered  by  dura  mater.  Here  the  poriio  major  enters 
a  flat,  plexiform,  somewhat  triangular  ganglion,  the  semilunar  (Gassman)  ganglion  (Figs.  546, 
547>  633,  679,  682,  683,  689,  and  690),  which  is  rather  closely  imited  to  the  dura  mater.  As 
is  the  case  with  the  ^inal  ganglia,  with  which  the  semilunar  ganglion  is  homologpus,  only  the 
sen.sory  root  takes  jwrt  in  its  formafinn,  and  onlv  it-^  fibers  having;  thfir  oriijfn  in  the  f^anirllon 
(sec  page  186).  The  motor  minor  |*orlion  passes  by  the  ganglion,  just  as  the  motor  roots  ot.thc 
spinal  nerves  pass  the  spinal  ganglia,  and  courses  obliquely  over  its  medial  surface,  in  order  to 
unite  with  the  third  branch  coming  from  the  ganglion. 

From  the  lateral  anterior  border  of  the  semilunar  ^^anglion  three  flat  ner\e  stems  make 
their  exit,  which  at  first  continue  to  show  the  plexiform  charactcf^of  the  tnmlc.  The  most  anterior 
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to  the  superior  lachrymal  <:lan<l,  and  then  passes  between  the  lobules  to  the  lo'Acr  eland  and  to 
the  conjuiitiiva  and  skin  or  the  upper  eyelid  at  the  lateral  angle  of  the  eye.  In  audition  it  gives 
off  a  delicate  branch  whidi  anastomoses  with  the  zygomatic  nerve  of  Ae  second  bnmch  of  the 
trigeminus. 

^  3.  The  nasociliary  nerve  (Figs.  546  - 6S2,  and  683)  at  first  courses  along  the  lateral 
side  of  the  optic  nen'c,  then  crosses  it  obli<|uely.  and  runs  between  it  and  the  su|ierior  rf^tuj. 
It  then  passes  through  the  medial  portion  of  the  orbit,  lying  close  to  the  ophthalmic  artery,  across 
which  it  passes  obliquely,  and  between  the  superior  oblique  and  the  medial  rectus  muscles  it 
divides  into  its  two  tenninab.  The  nerve  ramifies  m  the  orliit,  espedaUy  in  the  eyebaU,  which 
it  supplies  with  sensor)-  nerves,  and  in  the  na-^al  ea\ity.    Its  branches  arc: 

(a)  The  lotif;  root  of  the  ciliary  ganglion  (Figs.  54f)  and  683)  is  a  delicate,  frequently  double 
nerve  filament  which  arises  from  the  first  part  of  tiic  nc^^■e,  where  it  crosses  the  optic  nerve. 
It  represents  the  sensory  root  of  the  ciliary  ganglion, 

{h)  The  long  eUiary  neraes  (Fig.  546}  are  usually  several  delicate  threads  which  pass  along 
the  superior  sur&ce  of  the  optic  nerve  to  the  eyeball  and  may  divide  befwe  entering  it  (see  Sense 
Organs). 

(<•)  The  posterior  ethtnoidat  nerve  (Figs.  546  and  547)  accompanies  the  corresponding  artery 
into  the  posterior  ethmoidal  cells  and  the  sphenoidal  sinus,  whose  mucous  membrane  it  supplies. 
It  arises  from  the  portion  of  the  trunk  lyhig  at  the  medial  side  of  the  orbit 

(d)  The  aiUerior  ethmoidal  nerve  (Figs.  546  and  547)  is  much  larger  than  the  preceding 

one.  It  leaves  the  stern  of  the  nasociliary  neri-e  at  a  rif^ht  anple  and  ]ias>e>  through  the  anterior 
ethmoidal  foramen  to  the  surface  of  the  cribriform  plate  of  the  ethmoid,  and,  accompanied  by  the 
corresponding  artery,  it  sinks  through  one  of  the  anterior  foramina  of  the  plate  into  the  nasal 
cavity,  where  it  courses  along  the  posterior  surface  of  the  nasal  bone  hi  a  groove  bearing  its 
name.  A  few  of  it-  l^runches  pass  to  the  external  skin  of  the  nose  and  the  majority  to  the  nasal 
mucniis  membrane,  the  former  being  called  the  external  (Fiu'.  5<)-''i  and  the  latter  the  infernal  nasal 
rami,  the  internal  rami  beinjr  al^o  known  as  t?ie  anterior  na^al  rami  iFii^s.  544  and  ^.\^),  in 
contrast  to  the  posterior  naaul  rami  coming  from  liie  s^-cond  division  of  the  trigeminus.  I  hty 
ramify  in  the  anterior  part  of  the  lateral  nasal  wall,  as  the  anterior  laierd  wistU  nerves;  as  weU 
as  m  tlw  anterior  part  of  the  luisal  septum,  these  latter  rami  being  known  as  the  anterior  medial 
nasal  ncnr^.  The  external  na^al  ramus  passes  throu^rh  tlu-  na-al  lione  or  under  its  inferior 
border  (l)etwt(  n  ;he  bone  and  l  artilaf^e"^  to  the  external  skin  of  tlic  nose. 

(f)  The  small,  ihin  injratrochlear  mrvc  (Figs.  541,  542,  547,  591,  592,  691,  and  692)  is  the 
real  terminal  branch  of  the  nasodliary  nerve.  With  the  terminal  brandi  of  the  of^thahnic  artery 
(  it  passes  beneath  the  trochlea  of  the  superior  oblique,  anastomoses  with  the  supratrochlear,  and 
\^  ;>  dixidcd  into  a  smaller,  superior  palpebral  ramus,  which,  in  company  with  the  latter  nerve,  goes 
;o  tht.-  up[ier  eyelid,  and  a  lari:;er  iitjrrior  pnlprhra!  ramus,  which  supplies  the  lower  eyelid,  the 
Imjirymal  gland,  and  the  conjunctiva,  as  well  as  the  bridge  of  the  nose. 

* 

THE  CniARY  GANGLION. 

In  the  orbit  there  is  a  small,  flat,  round,  or  often  three-  or  four-comerwi  gray  ganglion  about 
2  or  3  mm.  in  size]  it  is  the  ciiiary  ganglion  (Figs.  546  and  682).   It  lies  in  the  fatty  tissue  of 
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the  posterior  ptntion  of  the  orbit,  lAtenl  and  dose  to  the  optic  nerve,  medial  to  the  abdticens, 
and  a  litde  superior  to  the  inferior  ramus  of  the  oculomotor  ncr\'c.    Like  the  optic  nerve  itself. 

it  !«  covered  bv  the  sujK-rior  rrrtu<,  the  levator  pal|je!ira'  ^uperioris,  and  the  superior  ramu-^  of 
the  oculomotor,  so  that  it  lies  lairiy  deeply  in  the  orbital  cavity.  Uiiually  it  has  a  somewhat 
elongated  form,  branches  from  its  anterior  end  passing  to  the  ejreball,  and  its  tools  entering  at 
its  posterior  end.  It  has  three  roots,  a  motor,  a  sensoiy,  and  a  sympathetic.  The  motor  root 
is  formed  by  the  shorl  root  of  the  {ganglion  from  the  oculomotor  nerve;  it  is  the  largest  of  the  roots 
and  enters  at  the  jKisierior  inferior  anplc  of  the  gangUon,  fumishin^^  the  motor  fibers  for  the  inner- 
vation of  the  muscles  of  the  interior  of  the  eyeball.  The  sensory  root  is  the  long  rool  and  arises 
from  the  nasodliaiy  nerve;  it  is  weaker  than  the  precxdim;,  and  eatefsthe  gangUon  at  die  posterior 
superior  angle.  Together  with  it  or  dose  to  it,  several  qnnpathedc  nerve  fibers  from  the  internal 
carotid  plexus,  which  first  course  along  the  ophthalmic  artery,  ent^  the  posterior  border  <rf  the 
gViglion,  forming  its  symjiaihi  tic  root  or  root«. 

The  branches  which  leave  the  ganglion  at  the  anterior  lx)rder  are  know  n  a'-  tin-  <tlwrl  ciliary 
nerves.  They  course  with  the  long  ciliary  ner\es  along  the  oplic  nerve,  lying  partly  beneath 
and  partly  on  the  lateral  and  superior  surfaces  of  the  nerve,  to  the  posterKU'  border  of  the  eyeball, 
which  I  hey  enter  by  pierdng  the  sdera.  They  are  mixed  nerves  in  contrast  to  the  puidy  sensoiy, 
long  dliaiy  nerves. 

IHE  SECOND  DIVISION  OR  MAXILLARY  NERVE. 

The  second  division  of  the  trigeminal  is  the  maxillary  nenr  (Figs.  684,  6S7.  and  6Sc)).  It 
is  a  little  larger  than  the  ophthalmic  and  is  a  flattened,  oval,  at  first  somewhat  ]  Icxiform  m  rve, 
which  passes  through  the  foramen  rotundum  after  becoming  almost  circular  in  outline,  and  so 
reaches  the  ptciygopalatine  (sphenomaxillary)  fossa,  where  it  divides  into  two  nam  brandies. 
The  I  inuation  of  the  trunk  is  the  injra-orhilat  n^n  c.  which  passes  abnost  in  a  -straight  COUrsc 
to  the  fai  c,  while  the  remaining  portions,  the  spht  no palatine  nrrjrs,  enter  the  sphenopalatine 
ganglion  as  its  main  v<  n-ory  root,  and  thence  pass  to  the  palate  ami  na^il  eavity.  Still  another 
slender  branch,  the  meningeal  nerx't  \middlc),  passes  from  the  trunk  of  the  nerve  into  the  cranial 
cavity,  and  in  the  middle  cranial  fossa  anastomoses  with  the  spinous  nerve  of  the  durd  division 
(Figs.  679  and  68a). 

L  THB  nmtA-ORBrfAL  NBRVB.* 

The  infra-orbital  nerve  (Figs.  684,  686,  and  689)  is  a  strong,  purely  sensor)'  ner\e,  which 
passes  from  the  ptcrygopalaline  f-phenomaxi!lary')  fo•^sa  throt;f;h  tlie  inferior  orbital  (spheno- 
maxillary; fissure  into  the  orbital  cavity,  and  then,  following  the  course  of  the  infra-orbital  sulcus 
and  canal,  ramifies  on  the  face. 

Its  branches  are: 

I.  The  zygomatic  nerve  (Figs.  68g.  691,  and  6() 3)  leaves  the  trunk  as  a  rather  weak  branch 
in  or  even  in  front  of  the  inferior  orbital  fissure,  anfi,  passing  through  the  ft?«:ure,  courses  alonj? 
its  lateral  wall  lo  the  zygomatico-orbilal  foramen,  where  it  anastomoses  with  the  anastomotic 
ramus  of  the  lachrymal  nerve.  Passing  through  the  ^rgomatico-facial  canal  of  the  zygomatic 
(malar)  bone,  it  emerges  upon  the  face  as  the  zygonHUko-facial  ramus  and  is  distributed  to  the 

*  By  tome  autbon  the  nerve  n  termed  infra-orWul  only  after  it  has  entered  die  orbit. 
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upper  part  of  the  chock  and  the  nefjrhborinp  part  of  the  lower  eyelid,  and  also  as  the  zygomatico- 
temporal ramus  it  passes  through  the  zygomatico-tcmporal  canal  of  zygomatic  (malar)  bone, 
then  through  the  temporal  fascia,  often  divided  into  several  branches,  to  the  skin  of  the  antenw 
part  of  the  temporal  r^on  and  the  lateral  half  of  the  forehead. 

2.  The  superior  alveolar  nervea  are  divided  into  three  groups: 

(a)  The  poilcrior  supt'rhr  alveohr  nerves  {Fi<ip<.  54  ;.  6S7,  and  68<^)  are  "fiven  off  from  the 
trunk  of  the  infra-orbital  nerve  while  it  is  still  in  the  pterygopalatine  fossa,  and  go  through  the 
alveolar  foramina  of  the  tuberosity  of  the  maxilla  into  the  corresponding  canals,  so  reaching 
the  roots  of  the  upper  molar  teeth.  With  the  foUowmg  groups  tlwy  fmrrn  the  superior  dental 

plexu>. 

(b)  The  middle  group  consists  of  the  middle  superior  alveolar  ntn'c  68g\  \shi(  h  arises 
from  the  trunk  in  the  infrn-orbital  canal  and  passes  through  a  separate,  small,  bony  canal  in  the 
wall  of  the  maxillary  hinus  to  llic  roots  of  the  middle  teeth  and  to  the  superior  dental  plexus. 

(c)  The  antmor  superior  <dveeiar  rami  (Fig.  689)  form  the  anterior  group.  They  do  not 
leave  the  tnmic  until  it  has  reached  the  anterior  portion  of  the  infraorbital  canal,  and  they  course 
m  the  anterior  wall  of  the  maxillar)'  sinus  to  the  superior  dental  plexus. 

The  superior  denial  plexi(s  (Fig.  689),  which  i'<  formed  by  the  superior  alveolar  nen  es,  lies 
between  the  two  thin,  bony  lamella;  which  bound  the  maxillar}'  sinus  above  the  roots  of  the  teeth. 
It  is  formed  by  anastomoses  <d  slender  nave  filaments,  whidi  give  rise  to  coarser  upper  and 
liner  lower  loops,  lying  on  the  roots  <rf  the  teeth.  Usually,  also,  a  small  branch  passes  to  the 
plexus  from  the  '^]ihenopalatine  ganglion.  From  the  superirir  dental  plexus  arise,  first,  the 
^tipcrinr  denial  rami,  which  pass  to  the  various  roots  of  the  teeth  of  the  upper  jaw;  second,  the 
superior  gingival  rami,  which  supply  the  gums,  piercing  partly  the  alveolar  septa  and  partly 
the  anterior  surface  of  the  maxilla;  third,  branches  to  tlie  maxillary  sinus;  and  fourth,  branches 
from  the  anterior  part  of  the  plexus  to  the  lower  nasal  passage  m  the  region  <A  the  incoiire 
canal  and  to  the  uuier  surface  of  the  ala  of  the  nose  {inlernal  nasal  rami).  From  the  posterior 
suj»crior  alveolar  nerv-es  several  branches  pass  directly  to  the  [M)sterior  part  of  the  upper  gum 
and  to  the  neighboring  part  of  the  buccal  mucous  membrane. 

5.  The  tertninat  tnandi  of  the  infraHirbital  nerve  (Figs.  541  to  543,  591,  592,  6S7,  691,  and 
693)  passes  through  the  infra-orbital  foramen,  under  cover  of  the  quadratus  labii  supoioris  and 
divides  immediately  into  a  number  of  diverging  branches.  The  inferior  palpebral  rami  pass  to 
the  lower  eyelid  and  anastomo«.e  with  branches  of  the  zytjomatico  fa(  ial  and  infrafrtxhlear  ner\-cs; 
the  external  nasal  rami  pass  to  the  skin  of  the  middle  part  of  the  nose  and  anastomose  with  the 
external  nasal  ramus  of  the  anterior  ethmoidal  nerve;  and  the  superior  latid  romi  pass  to  the 
skin  and  mucous  membrane  of  the  upper  h'p. 

II.  THE  SPHENOPALATINE  GANGLION. 

The  sphenopalatine  ganglion  (Figs.  684  to  Oho,  and  689)  is  a  roimded,  triangular  ganglion 
lying  in  the  ptcr)'gopalatine  fossa  dose  to  the  sphenopalatine  foramen.  It  is  suspended  loosely 
from  the  trunk  of  the  maxillary  nerve  by  the  (second  and  third)  spkeuopdatitK  nerves^  which  form 
its  sensory  root.  In  addition  to  this  main  root  it  receives  a  second,  the  nerve  0}  the  pterygoid  canal 
(Vidian  nave),  which  passes  through  the  corresponding  canal  of  the  pterygokl  jnocess  of  the 
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Fig.  685. — The  nerves  and  vessels  of  the  nose.   (Deep  byer,  the  sphenopadatiiw  gan^oo.) 

Diaseciion  as  in  Fig.  545.     In  additioo  the  pleiygopslatinc  and  pleryguid  canals  have  been  opened,  the  fyttuM 
of  th«  t«inponU  bone  sawn  obli<)uclr,  and  the  tongue  removed.    *  -  Ptcrygoideus  intcrnus. 
Fk;.  686. — ^The  otic  and  sphenopalatine  ganglia. 

Diaacclion  aa  in  Fig.  6S5.  In  addition  the  greater  portion  of  the  body  of  the  sphenoid  has  been  mnoved,  the  oval 
and  polattne  foramina  opened,  the  temporal  bone  aawn  awsj  at  the  jugular  dmunen,  tlie  ptcrygoideua  inlctfina  divided, 
anrl  -.IK  -yiih  [i.ilatc  cutaway.  <!■  (White  iqM  the  middle  OMmnfedancry)— the  kraerMpcrficfalpetraaalhr^^ 

cluso  to  the  ganglion. 


sphenoid,  and  rt-ally  consists  of  two  ncn-cs  ti^ually  ven-  closely  united  in  their  course  throutjh  the 
canal,  one  of  which  is  the  molor,  the  other  the  sympathetic  root  of  the  ganglion.  The  motor 
part  of  the  nerve  is  the  greater  mferficid  pOrosd  nerve,  a  branch  of  the  geniculate  ganglion  (page 
305)  of  the  facial  nerve.  It  courses  through  the  groove  named  after  it  in  the  antenor  surface  of 
the  pyramid  of  the  temjxjral  lx)nc,  tht  n  through  tin-  sphenopetrosal  fissure  (or  foramen  lacrrum), 
and  then  it  crosse<?  the  internal  carotid  artery  and  enters  the  posterior  aperture  of  the  jitervi^oid 
canal.  The  second  comjx>neni  of  the  ncr\e  is  the  sympathetic  root  of  the  ganglion  and  is  known 
as  the  deep  peirosd  nerve.  It  arises  from  the  internal  carotid  {dexus  and  passes  &om  the  foramen 
Ucenim  to  the  pterygcad  canal,  in  which  it  unites  with  the  pmieding  to  fonn  the  nerve  of  the 
.  pterygoid  canal. 

The  branches  of  the  sphenopalatine  ganglion  are: 

1.  Small  orbital  rami  to  the  orbit,  which  enter  through  the  inferior  orbital  fissure  and  supply 
the  smooth  muscubture  of  the  orbit  and  the  periorbita.  A  longer  branch  unites  with  the  posterior 
ethmoidal  nerve  and  helps  in  the  supply  of  the  mucous  membrane  of  the  sphenoidal  sinus. 

2.  To  the  nasal  cavity: 

(a)  The  posterior  superior  lateral  iinsnl  rami  (Figs.  544  and  545)  enter  throupli  l1ie  -phcno- 
palaiine  foramen  and  pass  to  the  mucous  membrane  of  the  superior  nasal  meatus  and  01  ihc 
superior  and  middle  nasal  conche  and  also  to  that  of  the  sphenoidal  sinus  and  of  the  posterior 
ethmmdal  ceOs.  A  few  delicate  fibers  also  pass  posteriorly  to  the  uppermost  ponion  of  the 

pharyngo -nasal  cavity. 

ih)  The  posterior  superior  medial  no^al  rami  (Tig.  544  i  al^o  enter  through  the  sphenopalatine 
foramen  and  ramify  in  the  mucous  membrane  of  the  [XJstc-rior  part  of  the  nasal  septum.  .\ 
longer  bnmch,  known  as  the  nasopdaiine  (Scarpa's)  nerve  jiasses  obliquely  across  the  nasal 
septum  from  above  and  behind,  downward  and  anteriorly,  to  the  incisive  canal,  into  which  it 
sends  some  slender  filament-^  v  liich  anastomose  with  the  corresponding  nerve  of  the  other  side 
and  al«o  with  the  terminal  of  iht  anterior  j^alaline  fsee  helo'.v">  and  -uperior  alveolar  nents, 
forming  with  them  a  small  plexus  through  wliich  it  takes  part  in  the  innervation  of  the  ptilp  of 
the  upper  incisors. 

(c)  The  posterior  inferior  nasal  rami  (Figs.  544  and  545),  which  supply  the  posterior  part 

of  die  lateral  wall  of  the  nose,  do  not  enter  through  the  sphenopalatine  foramen,  but  course 
with  th(  jialaiinc  ner\es  for  a  short  distance  in  the  pterygopalatine  canal.  They  It  a\  e  [hi-,  (  anal 
at  the  middle  of  its  length  through  a  lateral  oj>ening,  and  ramify  in  the  middle  and  especially 
the  inferior  nasal  conchx'  and  in  the  middle  and  inferior  meatuses,  and  also  in  the  mucous  mem- 
brane of  the  maxillary  sinus.  Its  branches  also  anastomose  with  the  superior  dental  plexus. 
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3.  To  the  palate.  The  branches  from  (he  sjihcnopalatine  gangh'on  going  to  the  palate 
pass  along  with  the  descending  jjalaline  artery  through  the  pterygopalatine  canal.  In  this  they 
divide  into  several  branches,  Invested  by  a  coounoa  sheath,  these  making  thdr  exit  from  the 
canal  through  the  palatine  fcwamina.  These  brandies  are: 

(a)  The  anterior  pdaline  nerve,  the  strongest  of  the  set,  which  passes  through  the  anterior 
palatine  foramen  and  ramifies  with  the  greater  palatine  artery  in  the  mucous  membrane  of  the 
hard  palate,  reaching  the  incisive  canal,  where  it  anastomo!>es  wilb  the  nasopalatine  ncne  ^sce 
above). 

(6)  The  fmAik  paUUme  nerve  is  mtich  weaker  than  Ae  preceding  and  passes  throng  one 

of  the  minor  palatine  foramina;  it  ramifies  m  the  mticous  membrane  above  the  palatine  toosii 
and  partly  in  liie  \flum  of  ihi  ])alate. 

(r'l  The  posterior  palalinr  ucrrc  al>o  passes  through  one  of  the  small  palatine  foramina 
and  in  the  palatine  velum  ramifies  not  only  in  the  mucous  membrane,  but  also  in  the  levator  veH 
palatini  and  muse,  uvuke.  It,  therefore,  contains  motor  fibers  for  the  musdes,  which  are  supposed 
to  enter  the  nerve  by  way  of  the  great  superficial  petrosal,  originating,  that  is  to  say,  £rom  the 
fadaL 

THE  THIRD  DIVISION  OR  MANDIBULAR  NERVE. 

The  mandibular  nerve  (Figs.  543,  592, 684, 686,  and  687)  is  the  only  one  of  the  three  divisions 
of  the  trigeminus  which  contains  motor  fibers  from  its  origin  onward,  since  the  motor  portio 
minor  becomes  associated  with  the  sensory  portio  major  as  it  comes  from  the  semilunar  ganglion. 
In  the  foramen  ovale  through  which  it  leaves  the  cranial  cavity,  both  parts,  sensor}'  and  motw, 
blend  to  form  a  vinglc  nerve  stem,  whit  !i  is  the  largest  of  tlu  three  trigeminal  branches  and  prc- 
crne^  it-  reticular  eharacter  long  after  leaving  the  semilunar  ganglion.  Shortly  after  its  exit 
from  the  foramen,  the  third  divi^on,  jitst  as  the  other  two,  gives  off  a  fine  branch  to  the  dura 
mater,  the  spimMS  nerve,  which  enters  the  cranium  with  the  nuddle  meningeal  artery  through 
the  foramen  spinosum.  It  is  a  recurrent  nerve  (the  infnumudUary  recurrent  nerve  of  AisoM), 
and  I  1 1  '  omose>  in  the  middle  cranial  fossa  with  the  meningeal  nen-e  from  the  second  division. 

The  Otic  Ganglion.  -Just  below  the  foramen  ovale,  at  and  attachefl  to  the  medial  sicle  of 
the  mandibular  nerve, a  small,  elongated  giinglion,  the  otk  ganglion  (Fig.  ^>86 ),  occurs.  Frit|uenily 
it  has  a  plcxiform  character,  being  only  poorly  defmcd,  and  is  coimccted  with  the  trunk  of  the 
mandibdar  nerve  as  wdl  as  with  several  of  its  branches.  The  rami  which  pass  from  the  trunk 
of  the  mandibidar  nerve  to  the  otic  ganglion  arc  regarded  as  forming  its  motor  root,  while  the 
sensor}-  root  i^  representeil  liv  the  lesser  supcrfu  ial  petrosal  nen'c.  This  is  really  ihr  t  ontinuation 
ot  the  tympanic  nerv'c  from  the  glossojihan.  ngi  al  fsee  page  3cj),  and  enters  the  cranium  hy  the 
superior  aperture  of  the  tympanic  canaliculus,  pas.scs  through  the  sulcus  of  the  small  superticial 
pebnsal,  then  past  the  semilunar  ganglion  to  the  sphenopetrosal  fissure;  through  this  or  a  foramen 
in  the  whig  of  the  sphenoid  near  the  foramen  spinosum  (the  foramen  innominatum)  the  nerve 
-  to  the  posterior  portion  of  the  otic  ganglion.  In  addition  to  this,  sympathetic  branches 
from  the  plexus  of  the  middle  meningeal  artery  (sympathetic  root)  pass  to  the  ganglion,  forming 
its  sympathetic  root. 

The  otic  ganglion  is  connected  not  only  with  the  trunk  of  the  mandibular  nerve,  but  also  ver\' 
btimately  with  the  internal  pterygoid,  the  auriculo-temporal,  the  spmous,  and  the  choida  tympani 
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Fig.  687. — The  nerves  and  vessels  of  the  face  (deepest  or  sixth  layer,  the  mandibular  ner\'e). 

The  dissection  i»  ihe  same  ai  in  Fig.  543,  except  that  the  mandibular  condyloid  pioctis  has  been  dislocated  and 
the  right  haU  of  tbc  nundiblc  almott  entirely  removed.  The  lower  boU  of  the  buccinator  has  also  been  cut  away.  View 
from  the  tide  and  from  below.   *  •>  Poateribr  auricular  nerve  from  facial.   **    Nerves  to  enemal  auditocy  jneatut 

from  auriculotem]>oral.  ■  —  Digastric  branch  of  faci,-U  nerve.  ^  —  Divided  myloh\-oideUBi  +  +  (UpOO  tfac 
artery)  -  cut  surface  of  internal  maxillary  artery.    *  -  Slump  of  slcrnoclcidoniastoid  artery. 


nerves.  Delicate  fibers  jia>s  ovm  to  the  sphenopalatine  and  semilunar  t,'3nglia  (the  medial  and 
lateral  sphenoidal  nerves).  From  the  otic  ganglion  there  arise,  in  addition  to  the  connectioos 
with  the  intenial  pterygoid  nerve,  two  small  motor  bnmches: 

X.  The  nerve  io  ike  tensor  vdi  pabiHni  (Fig.  686),  passing  fnmi  the  anterior  bonier  of  the 
ganglion  to  the  mtisde  bearing  the  same  name. 

3.  The  nerve  to  the  fmsor  iympani,  passing  from  the  [xislerior  part  of  the  gangUoo  Into  the 
mUi^t  ulntu!>ar  canal  to  the  nu!>ele  from  which  it  takes  its  name. 

Below  the  foramen  ovule  and  the  otic  ganglion  the  miuitlibular  nerve  divides  into  its  two 
mahk  parts,  a  larger  posterior  sensor)-  part,  the  principal  j^ortion  of  which  forms  the  direct  con- 
tmuation  of  tilie  trunk,  and  a  smaller,  anterior,  motor  part,  which  b  a  veiy  short,  lettcular 
stem,  the  masticator  nerve. 


All  of  the  motor  fibers  of  the  mandibtilar  nerve  arc  not  fotmd  miited  m  the  masticator  nerve« 

for,  in  the  first  place,  the  ner\cs  for  the  tensor  veli  palatini  and  tensor  tympani  come  from  the 
otic  ganglion  itself  (apparently":,  and.  secondly,  the  motor  mylohyoid  ncnc  rnurse-^  for  a  short 
distance  along  with  the  inferior  alveolar  ncn'c.  On  the  other  hand,  it  contains  a  sensor>'  branch, 
the  hucdnator,  whose  origin  is  very  closely  related  to  the  nerves  supplying  the  muscles  of  mastica- 
tion. The  masticator  nerve  is  divided  almost  immediately  after  its  origin  from  the  mandihular 
nerve  into  the  following  branches: 

T.  The  masseteric  nenr  f  Fie;s.  543  and  50 ri  jjasses  alone;  the  posterior  border  of  the  temporal 
musele  over  the  external  pterygoid,  laterally,  to  the  sinn^  of  iht*  mandihii'  and  to  nu-dial  -surface  of 
the  masseter  muscle.  A  fine,  sctisory  branch  {lasses  from  it  to  the  lemjxjroniaxiilar)'  articulation. 

2.  The  deep  temporal  nerves  (Figs.  543  and  687),  branches  to  the  temporal  muscle,  are 
divided  into  the  mtUrier  and  foiUeru^  deep  temporal  nerves.  At  first  they  pass  rather  obliquely, 
almost  horizontally,  !)etween  the  mustle  and  squamous  jx)rtion  of  the  temix)ral  bone,  and  then, 
accompanying  the  arte  ri(  s,  almost  vertically  upward  over  the  great  wing  of  the  sphenoid,  to 
innervate  the  temporal  muscle. 

3.  The  purely  sensory  buccinaUtr  nerve  (Figs.  592  and  687)  is  the  strongest  and  also  the 
only  sensory  branch  of  the  masticator  nerve.  It  usually  arises  with  the  temporal  and  extern^ 
ptciygoid  nerves  and  passes  between  the  heads  of  the  external  pterygoid,  then  between  that 
muscle  nnd  the  tem]X)ral,  ami  fiirtht  r  on,  lying  between  the  masseter  and  buccinator,  it  courses 
laterally  and  downward  tn  iln-  hui  1  inalor,  which  it  j)ierces  at  several  places  to  reaeh  the  buccal 
mucous  membrane.  A  small  number  ot  branches  got^  to  the  skin  of  the  cheek  near  the  corner 
of  the  mouth.  It  does  not  take  part  in  the  innervation  of  the  buccinator  muscle,  which  is  supplied 
by  the  facial  nerve. 
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4.  The  mienud  pterygoid  nerve  (Fig.  686)  doe»  not  alwa^-s  appear  as  an  independent  nerve, 
but  is  especially  closdy  connected  to  the  otic  ganglion  (ace  abawe).  It  supplies  the  internal 
ptcn-goid  muscle,  and  often  the  fibers  which  go  to  the  tensor  veli  palatini  pass  for  a  short  distance 

clostly  united  with  it. 

V  The  external  pterygoid  nen>e  (Figs.  686  and  687)  is  often  given  otT  as  several  brandies 
frutn  tJie  buccinator  in  which  it  may  be  enclosed.   It  passes  to  the  external  pterygoid  muscle. 

II.  Tin  POSTEUOR  SENSORY  PORTION  OF  THE  MANrnttlLAR  NERVE. 

The  posterior  sensory  or  main  portion  of  the  mandibular  ncr\c  continues  in  the  direction 
of  the  trunk,  but  soon  divide^  into  three  branehes,  the  auriculotemporal,  and  the  tWO  real  ter- 
minal rami,  the  lingual  and  alveolar  nervo,  wiiich  are  the  strongest  brunches. 

1.  The  RUfiail«t«niporftl  nerve  (Figs.  541,  543,  591,  592,  686,  687,  691,  and  692)  arises 
from  the  mandibular  nerve  usually  by  two  roots  which  embrace  the  middle  meiungeal  artery, 
and  it  has  also  connecting  rami  £n»i  the  otic  ganglion.  It  passes  at  &at  posterkriy  along  the 
median  surface  of  the  temporomandibular  articular  capsule  and  then  courses  upward  to  the 
anicrior  .-urface  of  the  external  auditor)'  canal,  lying  between  the  external  and  internal  carotid 
arteries  and  surrounded  by  the  lobules  of  the  parotid  gland.  It  is  at  first  deeply  situated,  but 
gradually  curves  toward  the  suriacc,  so  tiliat  finally  it  comes  to  lie  beside  the  superficial  tem- 
poral artery  between  the  tragus  of  the  external  car  and  the  root  of  the  zygomatic  arch,  beneath 
the  tcmix)ral  fascia  in  which  its  terminal  branches  ramify.    Its  branches  arc: 

[a^  The  nemes  of  !hr  external  auditory  meatus,  two  and  three  in  numVier,  are  small  rami 
which  enter  the  auditory  canal  between  its  cartilaginous  and  bony  portions  and  supply  its  mucous 
membrane.   One  brandi,  the  ramm  to  the  tympanic  mem^anef  reaches  the  tympanic  membrane. 

(b)  The  paroUd  branches  pass  to  the  parotid  gland. 

i<  ]  AtMstomosing  branches  to  the  facial  nerve  accompany  the  branches  of  the  facial  nerve 

and  lake  part  in  the  innervation  of  ilie  skin  of  the  face. 

{d)  1  he  anicrior  auricular  branches  pass  to  the  skin  of  the  lateral  surface  of  the  pinna  near 
the  tragus. 

(e)  The  real  terminal  branches  are  the  superficial  icmpord  rami.  These  course  behind  the 
su[x.rficial  temporal  artery  up  to  the  skin  of  the  temjdes,  where  they  anastomose  with  the  supra- 
orbital, zygomaticotemporal,  and  greater  ocri[iital  nen-es. 

2.  The  lingua!  nerve  (Fi{js.  j_  -ss,  085  to  687,  and  the  sensory  nrr\-e  of  the 
tongue  and  the  anterior  terminal  branch  of  the  main  sensory  portion  of  the  mandibular  nerve, 
separates  from  the  posterior  terminal  or  inferior  atveotar  nerve  just  below  the  point  where  the 
auricolotempoial  is  given  off,  but  remains  in  close  proximity  to  it  for  some  distance.  Both  nerves 
pass  between  the  external  and  internal  pterygoid  musdcs,  medial  to  tin  internal  maxillary  arter)-, 
and  in  this  situation  the  lingual  ner\  e  is  joine<l  at  an  artite  anule  l  y  iln  1  Itorda  tympani,  which 
pa.^>fs  from  above  dowTiward  from  ilie  yH'trot\-mpani(  ri--ure  and  i-  a  tjran<  h  of  (he  facial 
(intermediate)  ner\e  (set  page  205).  The  lingual  then  sepanHes  more  and  more  from  tlie  inferior 
alveobu  by  curving  slightly  forward  and  downward  to  the  lateral  border  of  the  tongue. 

The  stthmaxillary  ganglion  (Fig.  687)  is  connected  to  the  trunk  of  the  lingual  nerve  by 
several  fibers  and  b  a  flat,  somewhat  triangular  gan^on,  about  a  mm.  in  length,  and  lies  above 
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Ihe  submaxillary  gland  on  the  lateral  (inferior)  surface  of  the  hyoglossus  muscle.  Its  roots 
an  (i)  bnmchcs  from  the  lingual  nerve,  which  are  really  fibers  from  the  choida  ty-mpani,'*'  and 

( a)  sympathetic  branches  bom  the  neighboring  ottemal  maxiUaiy  plexus.  The  branches  paasbig 

from  the  ganglion  are  (i)  the  submaxillary  rami,  which  go  lo  the  sutenaxiUar}'  gland  and  extend 
along  thr  submaxillary  duct  to  the  sublingual  glands,  and  (2)  rommuniraling  branches  lo  the 
lingual  nerve,  which  pass  into  the  peripheral  part  of  that  nerve,  and  in  this  way  probalily  reach 
the  sublingual  glands. 

Before  the  Ungual  nerve  fonns  the  submaxillary  gangUon  it  gives  off— 

(«)  Delicate  nam  to  the  isthmus  oj  the  jauces,  supplying  the  mucous  membrane  of  the  fauces, 

(b)  small  anastomosing  rami  to  the  hypofilossa!  tun  c,  (r)  ilu-  suhlingual  nenr  to  the  sublingual 
glands  and  the  mucosa  of  the  floor  of  the  mouth  cavity,  and  {d)  the  terminal  branches,  the  lingual 
rami  (Fig.  695),  which  pass  to  the  mucosa  of  the  tongue.  They  consist  of  several  branches 
which  penetrate  the  musculature  of  the  latefal  hotdsr  of  the  tongue  in  a  fan-like  manner  and 
ramify  in  the  mucosa  of  the  dwsal  surface  of  the  organ  from  the  tip  to  the  vallate  papilhe. 

3.  The  inferior  aheeiar  nenv  (Figs.  543,  591,  592,  691,  and  692),  the  second  terminal 
branch  of  the  sensory  main  part  of  the  mandibular,  passes  behind  the  lingual  ncr\'c  alon^  ;he 
lateral  side  of  the  internal  ]>ter>'goid,  to  the  mandibular  foramen.  Before  its  main  trunk  enters 
the  mandibular  canal  it  gives  off — • 

(a)  The  purely  motor  mylohyoid  nerve  (Figs.  539,  543,  551,  685  to  687,  and  700)  which 
courses  as  a  long  but  comparatively  thin  ner\-e  in  ^company  with  the  corresponding  arterial 
branch  through  the  mylohyoid  sulcus  of  the  mandiljle.  1\  in^  at  (lr>t  between  the  internal  pter>'goid 
and  the  ramus  of  the  mandible,  then  alonf:  the  lateral  surface  o£  the  styloglossus,  and  further 
on  between  the  anterior  lateral  border  of  the  submaxillary  gland  and  the  mandible.  Finally, 
it  curves  around  the  postoior  border  of  the  mylohyoid  to  the  inferior  surfsce  of  that  muscle, 
where,  accompanying  the  submental  artery,  it  supplies  the  n^lohyoid  muscle  and  also  the  anterior 
belly  of  the  digastric. 

tb\  The  main  stem  of  the  inferior  aheolar  passe<  In  company  with  its  arter}'  ihroa-^h  ihe 
mandibular  canal,  lying  at  first  in  front  ol  and  then  medial  to  the  artcrj',  and  forms  iIk  injcrior 
denial  plexus,  which  consists  of  a  fine  network  of  nerve  lilaments  and  gives  rise  to  the  injerior 
dentd  and  injerior  gingival  ram  supplying  the  teeth  and  gums. 

(c)  The  meniid  nerve  is  the  remaining  portion  of  the  inferior  alveolar  which  docs  not  pass 
into  the  dental  plexus.  It  leaves  the  mamlibiihr  canal  through  the  denial  foramen  and  divides 
under  cover  of  the  triangularis  and  q.jadratus  iabii  inferinris  into  nimierou'^  branches,  which 
pa^s  as  menial  rami  to  the  skin  of  the  chin  and  as  injerior  labial  rami  to  the  mucous  membrane 
and  skin  of  the  lower  lip. 

THE  SEVENTH  CEREBRAL  OR  FACIAL  NERVE. 

The  ]ar'u!l  nrn'r  'Fiir^-.  '1-',  '<)t .  f'Oi,  692,  68 {.  and  6SS  to  <x)o\  emertres  between  the 
posii  rior  lnjrdcr  ol  the  [>ons  and  the  upper  end  of  the  uliw  finm  the  i;])i>(rnu)-vi  part  of  the 
mctiulla  and  is  purely  motor  at  its  origin.    In  the  internal  acoustic  meatu-,  through  which  it 

*  The  cliortla  lympant  is  the  cuiuinualion  uf  the  intermediate  nerve.  In  addition  to  it  the  mandibular  nervc 
Kceim  fibers  from  the  glossophniyngeal  throtigh  the  IcMcr  luperficial  petraatl,  theae  protnbly  being  gvMUiorjr  fiben. 
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leaves  tht  cnnium,  it  recdves  the  iniermedioU  nerve,  which  has  its  origin  dose  to  tt  in  the 
bnun.  Lying  in  the  facial  canal  it  traverses  the  petrous  portion  of  the  temporal  bone,  and  after 
its  exit  from  this  it  begins  its  real  ramifiLation.  It  is  the  motor  nerve  of  almost  all  muscles  of 
the  head  except  those  of  mastication  and  the  muscles  of  the  tongue. 

1.  At  the  fiiBt  bend  of  the  canal  below  the  hiatus  (see  Vol.  I,  page  43)  a  small  triangular 
ganglion,  the  gemculate  ganglion  (Figs.  684,  and  686  to  690)  occurs  in  the  course  of  the  nerve, 
formed  by  the  intermediate  nerve  (see  page  187),  which  frmn  this  point  onward  courses  with  the 
facial  nerve.  Since  the  facial  nerve,  as  well  as  the  canal,  makes  a  rectangular  bend  at  the  ganglion, 
this  yxnni  \<  ivrrm-d  ihc  fcxtcmal)*  gcniculntn  0!  ihe  facial  nerve  (Figs.  8ci  to  80  0-  From  the  gan- 
glion ari>cs  thf  greater  supcrricial  pctroial  nerv  e,  which  passe?  to  the  sphcno-palatine  gantjlion  as 
described  above.  Probably  this  nerve  contains  libers  passing  not  only  from  the  facial  to  the 
maxillary  nerve,  but  also  reversdy,  and  thus  carries  sensory  fibers  from  the  trigoninal  to  (the 
peripheral  part  of)  the  facial;  it  forms,  therefore,  a  mutual  anastomosis.  Also  arising  from 
the  geniculate  ganglion  there  is  an  anastomotic  ramus  lo  the  tympanic  plexus  (see  page  207). 

2.  During  its  further  course  through  the  facial  canal,  shortly  after  passing  the  prominence, 
the  facial  ncr\e  gives  off  a  stapedial  branch  which  passes  to  the  corresponding  muscle  of  the 
auditory  apparatus. 

3.  Also,  in  the  vertical  terminal  portion  of  the  canal,  lius  chorda  tympani  (Figs.  684,  686  to 

688^90,  80.x,  and  Soi  I,  that  b  to  say,  the  peripheral  end  of  the  sensory  intermediate  nerve, 
isypven  off.  This  is  a  Ion";,  thin  nerve  vvhich  passes  through  its  canal  oliliqucly  upward  to  the 
lym|>anir  cavity,  which  it  enters  throu;^li  the  tympanic  aperture  of  the  canal  for  the  chorda  tym[)ani. 
In  the  cavity  it  passes  between  the  short  process  of  the  incus  and  the  neck  o£  the  malleus  (see 
Sense  Organs),  and,  with  the  anterior  ligament  of  the  malleus,  leaves  the  tympanic  cavity  throi^ 
the  petrotympanic  6ssure.  Then,  as  described  above  (sec  page  203),  it  joins  the  Ungual  nerve, 
which  it  leaves  partly  at  the  submaxillary  gan^icm  and  partly  in  the  trunk  of  the  sublingual 
i»en*e. 

After  its  exit  from  the  facial  canal  the  facial  nerve  describes  an  arch,  convex  infcriorly, 
around  the  external  acoustic  meatus,  and  traverses  the  substance  of  the  parotid  gland  in  which 
it  branches  extoisively,  fwmmg  the  paroUd  plexus.  Before  formii^  this  plexus  it  sends  off  a 
few  smaller  branches : 

4.  The  posirrinr  auricular  nrri'e  (Fiijs.  '41,         ^qt,  and  607)  arises  just  below  the  st\lo-' 
mastoid  forami'n  and  [)as-e--  lic!'ind  the  ear  and  aloni^  the  anterior  bonier  of  tlie  mastoid  [)ro(  i>s 
to  the  posterior  auricular  mu.sLic,  also  supplying  liie  lrans\ersc  and  oblique  auricular  and  the 
antitragicus  musdes.   Its  terminal  branch,  the  ouipiUU  ramus,  passes  to  the  occipital  musde. 

5.  The  diga^rk  iranek  (Fig.  591)  arises  just  below  the  preceding  and  supplies  the  posterior 
belly  of  the  digastric,  and  by  the  slyloliyoid  ramus  the  neighboring  stylohyoid  muscle. 

f\.  The  anastomotic  ramus  to  the  iilossopharyngeal  nerve  is  a  fine  branch,  which  often  pierces 
the  stylohyoid,  and  passes  to  the  ninth  cerebral  nerve. 

7.  The  parotid  plexus  (Figs.  541,  543,  691,  and  692)  is  formed  in  the  substance  of  the 
parotid  glaiKl  by  looped  anastomoses  of  the  separate  branches  of  the  fadal.  It  is  completely 
imbedded  in  the  parotid  glai^,  but  lies  much  nearer  to  its  medial  than  to  its  lateral  surface.  The 

*T1w  wtenttl  fenit «(  the  fadal  nerve  b  in  the  rhomboidil  foHa  (lee  pafe  175). 
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FiCf.  689. — The  second  branch  of  the  trigeminal  nen'c,  the  sphenopalatine  ganglion,  the  intracranial 
fX)rtion  of  the  facial  nerve,  and  the  tympanic  nerve. 

The  orbit  has  lx«n  opened  by  a  safpttal  srt  tion  through  its  outer  portion,  its  contents  removed,  the  pterygoid  r»nal 
opened,  and  the  tctnjx)ral  bone  sawn  obli<iurly,  rx[x>sing  the  tympanum  and  the  facial  canal.    ♦      External  pterygoid 
plate.   •*     Infra-orbital  nerve  with  the  overlying  zygomatic  nerve.     ;  —  Carotico-tympanic  nerve.   ♦  ■  —  .\nastotnosis 
between  great  su|)crCcial  |»ctrosal  and  tympanic  nerves.    +  -{-  =  .Ana.stomosis  Ijctwecn  facial  and  tympanic  nerve*. 
Fig.  690. — The  intracranial  jMjrtion  of  the  facial  nerve. 

The  facial  canal  has  been  opened  and  the  tympanum  exposed  from  behind. 


facial  nerve  usually  enters  the  gland  by  two  strong  branches,  which  ramify  among  the  lol»uIc'«; 
and  are  connected  with  one  another  hy  loops,  thus  producing  a  widc-mcshcd  network.  From 
this  plexus  a  varying  number  of  rami,  j)artly  large  and  partly  small,  diverge  anteriorly,  superiorly, 
and  inferiorly  to  innervate  the  muscles  of  the  face  profHT  antl  the  platysma.  These  branches 
anastomose  with  neighboring  sensor)'  branches,  especially  with  those  of  the  trigeminus,  in  such 
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Fig.  688. — The  intracranial  course  of  the  facial  nene  and  its  communications  schematically  intnxlm  t-d 

into  Fig.  4  (\'oI.  I). 


a  way  that  the  branches  of  the  trigeminus  may  carr\'  motor  fibers  of  the  seventh,  and  the  lallcr, 
sensor)'  fibers  of  the  fifth  to  the  neighlx>ring  muscles  or  portions  of  the  skin  or  mucosa. 

From  the  parotid  plexus  of  the  facial  the  following  branches,  enumeratetl  from  below  upward, 
arise : 

{a)  The  ramus  colli  (Figs.  (h)\,(}1)2.  6()8,  and  6qq)  appears  at  the  anterior  bonier  of  the  iHiroti<l 
glanci  and  passes  through  the  submaxillar)-  region  and  cirotid  fossa  to  the  medial  sunace  of 
the  platysma.   It  forms  a  constant  anastomosis  with  the  cutaneous  cervical  ncn-e  (sec  page  214). 

(h)  The  marginal  mandibular  ramus  appears  above  the  preceding  between  the  lobules  of  the 
gland,  and  is  often  double.  It  courses  parallel  to  thebaseof  the  mandible  (covered  by  the  platysma) 
to  the  chin,  and  ramifies  in  the  triangularis,  quadratus  labii  inferioris,  and  mentalis  muscles. 


Digitize  o 


trigiminal  ntrvt 


facial  ittrvf 


Ustfr  iuptrf.  ptirosat  ntrre 
great  saperf.  petrosal  nerve 

gtnuulatt  gangiiaa  ' 
Intermediate  nerre 

faaal  nerrt  , 
aipei  0k 
Slaiu  timt  ~ 


mastoid 
e*U$ 


tjgonatic  Htrvt 


intuUilary 
tinus 


infraorbital 
nerve  X 


tfmpante  tinus 
Ctori/a  tympajti  X 

tympanic  nerre 
Mtjiomastoid  foramen 

ragia  nerrt 

pHfm*  gatigtion  of  glotsopharyngeal 

iAiernat  carotid  nerve 


internal  carotid 


tig.  089 


antrum    X  f„(,^ 

p,er}fouie^s',ffJ-,  P'-^fft 
'    tphenopalatine  gangi. 

pterygihpalatine  fossa 


middle  super, 
alveolar  nerve 


post,  superior  alveolar  lurvet 


_  anterior  super, 

.jiiddle  super,    alveolar  nerves 
alveolar  nerves  (superior  dental 
plexus) 


malUtts 


tltonta  lympaHi 


mastoii 
portion 
of  temporal 
bon*  I 

stflomastoid 
foramen 


StyMfoUeiu 

stflohyoid  branth 


maxillary  nerrt 

ophthalmic  nerre 
great  superficial  petrosal  ntrvt 

grninil.  gangl.  of  fat.  nerrt 
oculomotor  nerve 
internal  carotid  artery 

trigeminal  nervi 


semilunar  ganglion 
facial  nerve 
abducent  ntrv* 


•  Inttnnedlate  ntret 

acoustic  nerre 
stapes 


Fig.  690. 


facial  Hervf 
dtgmetrie  brmiitHe 

DIgastricus 


glossopliaryngral,  vagus 
and  aeeessory  nerves 


Iransverst  sinus  x 


Gc 


Auricula. 


out  Mwrrn  tht  branthn  of  Iht 
'  Trt'erminui  and  tht 
lical  nervtt 


parietal  br.  afsapfrf  - 

tempor.  art.     ,s  ■   -  '  ' 


tuptrfic.  tempoii 
art. 


branfhft  /'H 
omp.iM  I 
artery    ,  y 


branthtf  O/- 
greal  octipitat 
nerrt 

Onipltalls 

suptrf.  temnora. 
bri.  of  aurirulo 
temporal  nrrte 
ptrfcir.  br.  of  poit^ 
auricul.  art. 
auricular  br.  of  ragiis 

I  porai  br.  of  facial  nerve 
transverse  facial  an 
tygomatic  branch 
faiial  nerve 


lesser  occipital  ner^ 


parotid  plexut 
of  facial  nerve 

parotid  gtanti 

great  auricula/* 
nerve  ■ 


buccal  branchet 
of  facial  nerve 


brs.  of  sapraorbltal  nerve 
frontrn  br.  of  suptrf. 
temporal  art. 
hrs.  of  eyfomatito- 
,iemporal  nerve 
frontalis 

trgomatico  orbital  art. 
supraorbital  art. 
frontal  nerve 
fromtat  art. 

su/trmorhitat  atrtt 
meHal  potptbral  art. 

■oapratrochlear 
nerve 


Anastomosis 
dorsal  artery  of  nose 
infratrockltar  nerve 
xygomatleo-facial  nerve 
■XT.  nasal  br.  of  ant. 
etkmoiii.  nerve 
angular  art 
nfraorbital  art. 

nasal  brs.  oj 
infraorb.  nerve 

infraorbi- 
tal nerve 

labial  brs.  of  infra- 
orbital nerve 


iygomatiau  X 


Hacriaat»r 


posterior  facial  vetti        /  ^ 
'  / 
Sternoclttdomastouletis  / 

Italysma  X 
rervltal  br.  of  facial  nerve 


buccinator  ntrrt 
mental  nerve 
mental  artery 
in  ferior  labial  art. 
Triangularis  X 
external  maxillary  art. 


Fig.  691. 


marginal  mandibular  br. 
of  facial  nerve 


-^J^    anterior  facial  vein  x 


Fig.  691  and  642.  Superfic  ial  nerves  aiid  arteries  of  the  face,  deeper  layer.  Most  of  the  parotid  gland  is 
removed.  The  facial  muscles  have  been  cut  away,  divided,  or  drawn  downwards.  The  colors  of  the  nerves  are 
the  snme  as  in  l-'ig.  541. 
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ie)  The  buccd  ratfrf»  two  to  five  in  number,  pass  tnasvendy  across  the  lateral  surface 
of  the  n»sseter»  paxify  near  the  parotid  duct,  and  ramify  mainly  in  the  buccinator,  zygomattciis, 

and  quadratus  labii  superioris,  caninus,  orbicularis  oris,  and  nasalis  muscles. 

(</)  The  zxgomatic  rami,  two  to  three  in  number,  pass  parallel  to  the  zygomatic  arch, 
in  company  with  the  transverse  facial  arter)',  to  the  orbicularis  oris,  and  partly  also  to  the  zygo- 
maticus  and  quadratus  labii  superioris. 

(e)  The  Umparai  ram  app^v  in  the  fonn  of  two  <Hr  three  medium-sixed  nuni  at  the  superior 
border  of  the  parotid  gland  and  inner\  ate  the  anterior  and  superior  auricularis,  the  small  musdes 
of  the  lateral  face  of  the  pinna,  the  orbicularis  oculij  and  the  frontalis. 

THE  NINTH  AND  TENTH  CEREBRAL.  NERVE&  THE  GL06SOPHARYNGEUS  AND  VAGUS. 

The  glossopharyngcus  and  vagus  are  dosely  related  in  several  respects,  for  they  arise  together 
from  common  nudei  in  the  medulla  oblongata  (page  187)  and  they  leave  the  medulla  together 
at  the  lateral  border  of  the  olive,  a  separation  of  their  roots  before  they  readi  the  jugular  foramen 
being  often  impossible.   Both  are  mixed  nerves,  they  innervate  a  common  region  and  both  arc 

visceral  nerves. 

THB  GLOSSOPHAKYNCXAL  NERVE. 

The  ninth  cerebral  nerve  or  ^tossopharytigats  (Fig.  693),  while  stiU  in  the  region  of  the 
jugular  foramen,  forms  a  gan^ionic  en^rgement^  the  superior  ganj^lion  of  the  glossopharvngoal, 
and  after  its  exit  from  the  cranium,  after  receiving  a  sympatheticbran^h  from  the  superior  conical 
ganj^n,  it  forms  the  email  round  petrosal  gatigliori.  hin^,  in  the  petrosal  fossa  of  the  temporal 
bone.   From  this  ganglion  one  of  the  most  ini[x>ftaiii  branches  has  its  origin: 

I.  The  Ivtnpanic  nerve  (Figs.  688  to  690  and  693)  passes  from  the  petrosal  fossa  tiuough 
the  tympanic  canal  into  the  tjrmpanic  cavity,  and  ramifies  on  its  medial  wall,  especially  on  the 
promontorv',  in  the  form  of  the  tympanic  plexus  (Jacobson's)  plexus.  In  this  region  tlu  l)ranchcs 
of  the  tympanic  nen-e  communicate  with  the  anastomosing  ram?!';  of  the  farial  anfl  with  two 
branches  of  the  internal  carotid  plexus,  the  sui)erior  and  inferior  caroticotympanic  nerves, 
which  enter  the  tympanic  cavity  through  similarly  named  canals.  From  this  plexus  arises, 
in  addition  to  numerous  fine  branches  for  the  tympanic  mucosa  and  a  tubal  ramus  for  the  mucosa 
of  the  tuba  auditiva,  the  ksser  super  juid  petrosal  nerve,  which  leaves  the  tympanic  cavity  through 
the  superior  tympanic  canaliculus  and  i)nssc=:  to  the  otic  ganglion  (page  201). 

From  the  fietro^al  f^anglion  l)rant  li(  -.  nl-o  pass  to  the  trunk  of  the  vagus  and  a  fine  ramus 
passes  deeply  into  the  jugular  fos5>a  lo  anastomose  with  the  auricular  branch  of  the  vagus. 

The  trunk  of  the  glossophanpgeus  below  the  petrosal  ganglion  lies  at  first  dose  to  the 
vagus  and  then  diveiges  from  it  to  come  to  lie  upon  the  medial  surface  of  the  stytopharyngeus 
muscle.  It  then  lies  in  front  of  the  jugular  vdn  and  passes  l>ctwcen  the  internal  and  external  car- 
ot'r!  arteries  to  the  lateral  wall  of  the  pharynx.  Ai  the  in-.ertion  of  the  styio[>han,TiiTeu<;  it  hcmU 
forward  and  laterally,  and,  with  the  stylopln^vu-,  reaches  the  lat<  ral  Iwrrli  r  of  the  tonj^ue,  where 
its  terminal  ramification  takes  plao'e.    The  other  branches  of  the  glossopharyngeal  are: 

a.  The  stylopharyngeal  ramifg,  which  innervates  the  muscle  of  the  same  name. 

3.  The  pkaryngui  rami  t^g.  693),  several  branches  to  the  pharyngeal  plexus  in  whose 
lonnation  vagus  and  sympathetl:  fifx-rs  also  have  a  part. 
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Fir,.  6q3. — The  nerves  and  vesseb  of  the  jKisterior  and  extprnni  wall?  of  the  pharj'nx. 
Upon  the  right  side  are  shown  the  veins  and  t}ic  arterii-&i  upon  ihe  Icil  side  unly  (he  nerves  and  »umc  of  tbe  arteries. 
The  pMterior  portioB  of  the  akttll  hu  been  tvmovcd  by  •  Mction  paiaiag  through  the  jugultr  lotamina.   The  i^m- 
pithedc  nerves  are  tdiowa  only  upon  the  right  tide. 


4.  The  Umsittar  rami  to  the  palatine  tonsil. 

5.  The  lingual  rami  I'Figs.  544,  545,  694),  the  true  termmals,'  pass  to  the  root  of  the  ton?iie, 
especially  to  the  lingual  follick-s  and  between  them,  by  numerous  fine  branches,  to  the  vallate 
papillae.  They  carry  taste  fibers  from  the  taste  buds  and  also  supply  the  anterior  surface  of 
the  epiglottis. 

THB  TBNTH  CBUBItAL  OR  VACUS  MnVS, 

'  The  vagus  nerve  (Figs.  538, 539, 551, 693,  and  700)  derives  its  name  from  its  eztraqixlinanly 

long  course,  brine;  !hc  only  craninl  nerve  that  n.'achcs  the  alxlominal  cavity,  and,  with  the  sym- 
I)athetic  system,  it  represents  the  print  ipal  vi-;rcr:il  nerve.  It  leaves  the  medulla  totrcther  with 
the  glossopharyngcus,  forms  the  small  juguLr  ganglion  in  the  jugular  foramen,  and  communi- 
cates with  the  glo6Sophar)7igeal  and  the  sympathetic_nenre.  Below  the  jugujar  foraineii  the 
laigc  nerve  trunk  lies  behind  the  ^ossopharjrngeus,  but  in  front  of  the  internal  jugular  vein  and 
spinal  accessor)-  nerve,  and  in. this  region  it  communicates  not  only  with  the  glossopharyngeus, 
but  also  with  t!u  hypoglossal  nerve,  and  receives  tlie  called  internal  branch  of  the  -jiinal  acces- 
sory (sec  below  t.  Strengthened  by  this  and  with  tiie  aid  of  a  large  sympathetic  nerA  e,  the  jugular 
ner\c  (see  below),  the  vagus  forms  at  the  level  of  the  transverse  processes  of  the  first  and  second 
cervical  vertebrx,  the  reticular  ganglioK  nodosum  (nodosal  plexus).  This  is  almost  3  cni.  long 
and  lies  in  the  groove  between  the  internal  carotid  artery  and  the  internal  jugular  vein.  The 
ncrx'c  passes  down  the  ne<  k  !>  •twt  en  ;inil  In  hlnd  these  two  vessels,  Ix-low  the  hyoid  bone, 
between  the  common  carotid  artery  and  internal  jugular  vein,  and  close  to  the  sympathetic 
trimk. 

At  Its  entfvnce  hito  the  thoradc  cavity  the  nave  has  these  same  rdatloas.  On  the  lelt 
side  it  then  passes  downward  with  the  common  carotid  artery  lying  laterally  to  it  and  in  front 

of  the  left  subclavian  arter>-,  to  the  arch  of  the  aorta,  over  which  it  passes;  on  the  rif,'lit  >i<]e  it 
follows  dorn  the  lateral  sitle  of  tlu  innominate  artery  and  ])asses  in  front  of  the  right  subclavian 
artcr)',  but  behind  the  ascending  aorta.  In  the  thoraci '  cavity  each  ncn-e  comes  to  Ire  behind 
the  corresponding  innominate  vein  and  passes  behind  the  bronchus  of  its  side  to  form  liie  pul- 
monary, plexus,  and  then,  descending  along  the  oesophagus,  the  right  vagus  somewhat  posterior 
and  the  left  anterior  to  it,  it  passes  through  the  diaphragm  to  the  stomach,  where  it  terminates 
by  forming  the  gastric  plexus. 

In  its  course  the  y.^xx--  may  be  divided  into  four  portions: 

1.  The  cranial  portion,  2.  The  cervical  [)oriion,  3.  The  ilioracic  portion,  and  4.  I'he 
abdmninal  portion. 

The  cranial  portion  has  only  um'mportant  branches: 

1     meningeal  ramus,  a  small,  very  fine  branch,  which  passes  from  the  nerve  as  it  lies  in 

the  jui   1  i      r  rnen  to  the  durn  mater  of  the  posterior  crania'  fossa. 

2.  The  auricular  ramus  (Figs.  541  to  543,  591,  592,  and  691  to  693),  a  slender  but  very  long 
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nerve,  which  is  somewhat  peculiar  In  its  relations.  It  ariso  from  the  jugular  ganglion  and  passes 
at  fir^t  into  the  jugular  fossa,  and  then  enters  the  mastoid  canaliculus  fscc  \'ol.  I,  papjc  56),  in 
which  it  courses  and  anastomoses  with  the  facial  ner^e.  It  then  enters  the  external  acoustic  meatus 
through  the  tympan^oastoid  fissure  and  ramifies  in  the  poster!^ wallM  the  cacULaginous  portion,  - 
and  in  the  skin  of  the^cpncha^of  the  ear.  It  is  the  only  sensory  branch  on  the  ioice" which  arises 
from  a  cerebral  nene  other  than  the  trigeminal. 

The  cervical  portion  is  characterizcxl  by  [lossessing  the  nodose  ganglion  and  by  forming 
numerouf  connections  with  almost  all  the  neighboring  npr\'cs.    Notwithstanding^  its  long  course 
in  the  ntxk,  it  sends  out  branches  from  the  nodose  jganglion  only,  and  from  thi.s  only  a  single^ 
large  nerve,  the  superior  Jaryngcal.  The  remaining  part,  bdow  the  ganglion,  usually  has  no 
branches.  The  brandies  of  the  cervical  portion  are: 

1.  An  anastomotic  ramus  to  the  glosiq^aryttgcus  (Fig.  693). 

2.  The  pharyngeal  rami  (Fig.  6qT,),  several  fine  rami  coming  from  the  ganglion  nodosum, 
which  course  along  the  internal  carotid  artery  to  the  lateral  and  posterior  walls  of  the  pharynx, 
lyhCTe  they  communicfttc  with  ^e  coiresponding  branches  of  the  glossopharyngeal  (page  207) 
and  sympathetic  nerves  to  form  the  pharyngeal  jlexus.  From  thfejhe  pharyngeal  constrictors 
are  supplied,  as  well.  w_  the  mucosa  of  the  phamyx.  A  fine  brandi  extends  to  the  levator  vdi 
(palatini. 

3.  The  superior  cardiac  rami  (Fig.  693),  long  slender  branche*;  which  arise  partly  from  >^ 
the  ganglion  nodosum  and  partly  from  the  trunlt  of  the  following  nerve,  and  pass  downward 
along  the  common  carotid  artcr)  to  the  cardiacjplexus  (see  bdow). 

4.  The  suftrkf  hryt^eal  nave  (Figs.  '539,  6gSt  and  694),  die  only  large  bnadi  of  the 

ccr\'ical  region,  arises  from  the  lower  end  of  the  ganglion  nodosum.    It  passes  medial  to  and 
behind  the  internal  and  external  carotid  arteries  and  descends  obliquely  and  medial  to  the  lateral 
wail  of  the  oral  portion  of  the  phamyx,  where  it  divides  into  a  larger  internal  and  a  smaller  external,  - 
brandi. 

(a)  The  eadertMtbranck  usually  anastomoses  at  its  origin  with  a  superior  cardiac  ramus* 
and  ofiteo^alsp  with  the  pharv-ngcal  plexus.  It  courses  downward  along  the  origins  of  the  thyrco- 
phar\-ngeus  musde  and  ramifies  in^that  muscle  and  in  the  cricothyreoideus,  so  that  it  is  essentially  \ 

a  motor  nerve. 

(6)  Tiic  much  larger  internal  branch  is  purely  sensory.  Rimning  along  with  the  superior 
huyngeal  arten,'  it  pierces  the  hyoihyreoid  membrane,  then  passes  in  the  fold  for  the  laryngeal 
nerve  in  the  pyriform  recess  (Vol.  II,  page  42}  to  the  entrance  to  the  larynx,  supplying  the  pos- 
terior surface  of  the  epiglottis,  the  entrance  of  the  larj-nx  itself,  and  the  pharyngeal  mucosa  sur- 
rounding it,  as  well  as  the  mucous  membrane  of  the  lannx  as  far  down  as  the  vocal  cords. 
Furthermore,  behind  the  lateral  portion  of  the  posterior  crico-arytenoid  musde  it  anastomoses 
with  the  inferior  laryngcd  ngrve  (see  below). 

The  fhorMie  portion  of  the  vagus  gives  off  the  recurrent  laryngeal  nerve  and  also  rami 

*  In  many  animals,  the  rabbit  U^t  rxainpie,  a  specU  llerve  arises  from  the  superior  lai^tigcal  or  vagus,  whidl,  on 
accoitat  of  ha  phyiiolagicml  function,  is        A  Hxe  dtpftsfcr  mnt.    In  maa  it  does  not  occur  M  mn  independent  nerve, 
bat  its  fibmuc  Included  in  tile  vagnr       .«tmiSeicirt  nerve,  cftnyingiropuliet from  the  Imrt  to  the  nedullftobl^^ 
where  tlie y  are  transferred  to  the  v  i '  .  4otor  ccnten  «tid  produce  dihtmtioii  of  the  iatcttiail  ve«eb  nsd  tbcrebgr  a  <Bbuiu- 

tion  of  the  Uaod-prcsturc— Eti. 
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Fli..  fto4- — The  nen'cs  and  .irtt-ries  of  the  larynx  and  of  the  hast-  uf  tlu-  tnnjjue  ns  seen  from  behind. 

1  he  ssimuus  membrane  haa  ix-xn  removed  from  the  anteriur  pliar  j  iigeai  waJI  and  aasu  Uoni  the  tonguf  iUoug  the 
glossopharyngeal  nerve. 

Fig.  695. — The  nerves  and  arteries  t)f  the  tongue  and  of  the  lan.-nx  as  aeen  from  below  and  in  front. 
The  veins  arc  also  shown  upon  the  loft  side  of  the  tongue;  the  right  hyogloms  has  been  divided. 


for  tlu  heart  dnd  lung,  and  it  has  straD{[  unstopiQStt  with  the  superior  thondc  sympathetic 

ganglion.    Its  branches  an-: 

1.  The  recturretU  nerve  (Figs.  538,  551,  694,  anil  726),  the  largest  of  all  the  branches  of 
the  va|;us,  diflcTS  in  its  origin  on  the  right  and  left  sides.  On  the  left  it  arises  more  deeply  and 
surrounds  the  lower  and  posterior  surfaces  of  the  arch  of  the  aorta  in~a  wide  curve;  on  the  rij^t 
it  lies  somewhat  higher,  just  below  the  superior  thoracic  aperture,  and  forms  a  gentle  curve  around 
the  ro<i1  of  the  right  subclavian  arterv.  Thus  the  right  rrntrrcnt  passe?  behind  the  right  sub- 
clavian artery  and  the  left  behind  the  arch  of  the  aorta,  after  which  lx)th  have  a  common  course. 
Lying  bchmd  the  conesponding  common  carotid  arteries  they  leave  the  superior  tfaoradc  aperture 
and  pass  upward  upon  the  hiterai  surface  of  the  trachea,  h  the  groove  bg^wecn  it  and  the 
cesophagus.  In  this  groove  the  ncrve.passes  bdiind  Ae  thyreoM  gland  up  to  the  lamyx,  to 
which  it  is  distributed.    Tt^  brnnche^  are: 

(a)  The  injerror  inrduu  rami  to  the  cardiac  plexus;  these  often  arise  IndepouleDtly  irom 
the  thoracic  jwrtion  of  the  vagus. 

(h)  The  Uracheal  ram  to  the  cervical  p(»rtion  of  the  trachea. 

(c)  The  tesophagetd  rasni  to  the  cervical  portion  of  the  cesophagus. 

(d)  The  artual  terminal  branch,  the  injerior  laryngeal  ncrv  Fig.  694)  pierces  the  crico- 
pharjTigeus,  which  it  supplier,  ami  comp';  to  lie  on  the  lateral  surface  of  the  inferior  portion  of  the 
liu^TJx,  where  it  connects  with  an  anastomtjsing  branch  from  the  superior  laryngeal  nerve  and 
divides  into  an  anterior  and  a  posterior  ramus.  The  ankriav  ramms  suppUcs  the  lateral  crico* 
arytenoid,  the  thyreo-arytenoid,  and  the  vocal  muscles;  the  posterior,  the  posterior  crico-arytenoid 
and  the  nui-(  !e>  of  thc  laryngeal  opcnint'.  The  inferior  laryngeal  nerve  tlui~  supplies  all  musdes 
of  the  larvn\  with  the  exception  of  tlu-  cricoihvreoid,  which  is  inner. ati_-<l  !jv  tlie  external  ramti< 
of  the  suiH-rior  hir\'n[^eal.  and  in  addition  it  carries  sen^nrv  fibers  to  'he  io'A'er  half  of  tlie  hirynx. 

Both  laryngeal  nerves,  the  sujx-Tior  as  well  as  the  inferior,  arise  from  the  vagus,  but  their 
origins  are  a  long  distance  apart,  the  superimr  arising  in  the  upper  part  of  the  neck  and  tiie  inferior 
m  the  thorax. 

2.  The  anterior  and  posterior  bronchial  rami  (P^igs.  538  and  726)  are  numerous  and  in  part 
ver)'  strong  branches  of  the  vagus,  which  pass  along  thc  bronchi  to  the  hilu'^  of  thi-  hme:,  the 
posterior  ones  being  the  longer.  In  the  liilus  lliey  form  the  weaker  anterior  pulmonary  plexus 
and  thc  stronger  posterior  pulmonary  plexus,  the  latter  being  strengthened  by  branches  from  the 
thoracic  portion  of  the  sympathetic  system;  both  plexuses  send  branches  along  the  hronchial 
rami  into  the  lung.  The  trachea  also  receives  branches  from  the  anterior  bronchial  rami  nt  its 
bifurcation. 

After  pivintj  off  the  bronchial  rami  the  trunk  of  the  hecomt^;  decidedly  weaker 

and  continues  its  course  along  the  oesophagus  no  longer  in  the  to.     of  a  single  nerve,  but  as 
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<,cvcral  anastomosing  stems  termed  the  anterior  and  posterior  at^ophageaLxhotds;  the  coDtinuatioa 

of  ihc  left  vagus  Is  upon  the  anterior  surface,  that  of  the  right,  along  the  fwsterior  surface  of  the 
fxsopliagus.  By  the  anastomoses  of  the  separate  stems  and  l)y  the  branches  which  they  send 
lo  the  thoracic  portion  of  the  oesophagus,  the  smaller  anterior  and  larger  posterior  jRsaphaged 
plexuses  anse. 

The  aMominal  portion  of  the  vagus  consists  of  its  terminal  ramification  at  the  stomach 

(Fig.  726).  These  form  frequent  anastomoses  with  the  sympathetic  plexuses  of  the  abdomen 
ant!.  tof2;cthcr  with  sympathetic  nerves,  extend  to  aknost  all  the  abdominal*  viscera.  The 
branches  are  named  as  follows: 

I.  The  a$Uerior  and  posierior  ga^rk  plexuses  aze  l3at  dinct  antmuatiaiB  of  die  oesophageal 
plexus  upon  the  stiMnach  wall  and  anastomose  with  the  superior  gastric  sympathetic  plexus 
fsee  below).    They  give  off — 

(a)  Ciistri'  r'lnu  to  thi-  stomach  itself. 

(6)  Hepatic  rami  lo  the  liver. 

(c)  Cceliac  rami  to  the  cceliac  plexus. 

{d)  Scenic  rami  to  the  spleen. 

(e)  Rend  rtmi  to  the  kidneys. 


The  accessory  nerve  (Figs.  539,  551,  693,  and  697  to  700)  is  a  purely  motor  ner\'e,  only  a  {>art 
of  whose  root  fibcre  arise  from  the  brain  (medulla  oblongata),  the  inferior  ones  having  their  origin 
in  the  cervical  portion  of  the  spinal  ocud  (see  pag»  187)  and,  even  tn  the  upper  part  of  the  vertebral 
canal,  forming  a  nerve  stem,  which  becomes  larger  above  as  it  ascends  parallel  with  the  spinal 
cord  and  with  it  cnter>  tho  cranium  through  the  foramen  magnum.  Ikrc  it  lic>  on  tlie  lateral 
<ttrfare  of  the  mwhtUa  iuid  receives  additional  roots  from  its  lateral  funiculus,  and  hnally  leaves 
the  cranium  through  the  jugular  foramen.  Directly  after  its  exit,  while  lying  in  close  proximity 
to  the  vagus,  the  nerve  divides  into  an  hUenuA  ramus,  whidi  Ijlemb  with  the  vagus  just  below  the 
jugular  foramen,  and  an  extertut  rmmu,  ihe  larger  portion,  composed  mainly  of  die  sj^al  fibers. 
The  external  ramus  passes  in  front  of  the  internal  jugular  vein  and  then  backward,  dowTiward, 
and  laterally  to  the  medial  -urfarc  of  the  upper  third  of  the  sternocleidomastoid  muscle,  after 
having  previously  made  several  anastomoses  with  the  cer\  ical  ncr\es.  Then  the  accessory  nerve, 
for  so  the  external  branch  is  frequently  termed  for  brevity's  sake,  usually  pierces  the  muscle  or 
emeiiges  from  under  its  posterior  border  and  passes  obliquely  backwaid  and  downward  through 
the  ^uprac  lavicular  fossa,  receiving  constant  anastomoses  from  branches  of  the  cervical  plexus. 
Thus  strengthened,  it  courses  to  the  anterior  bonier  and  surface  of  the  trapezius,  which  it  supplies. 

THE  TWELFTH  CEREBRAL  NERVE  OR  HYPOGLOSSUS. 

The  motor  ner\'e  of  the  tongue  (Figs.  539,  551, 588,  593, 693, 695,  and  700)  is  the  hypoglossus. 
It  belongs  to  the!  purely  motor  cerebral  nerves  and  arises  by  a  number  of  root  fibers  from  the 
ventral  suxfice  of  die  medulla  oUon^ta,  between  the  pyramid  and  the  olive.  It  leaves  the 

•  Th.  \  a^'iis  tilx-rs  lake  part  in  the  formatioa  c(  the  mjnentcric  plemisof  the  wall  of  the  saull  intcatne,  and  pcrhftpt 

they  even  extend  to  the  large  intestine. 
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cranial  cavity,  thnni^  the  hypoglossal  canal  as  an  almost  round  stem,  sunounded  by  a  venous 
plexus  (the  rete  of  the  hypoglossal  canal,  see  page  87).    At  first  it  lies  medial  to  the  vagus  and 

posterior  to  it,  and  al-o  behind  the  internal  ju^'ular  \  iin.  with  which  it  pa'^sps  horizontally  down- 
ward; then  it  curves  around  the  medial  side  of  the  inti-mal  jutjutar  and  runs  between  it  and  the 
lateral  surface  of  llie  iniernul  carolici  artery,  to  pass  forward  and  medially,  lying  at  tirst  between 

the  bfanches  of  the  external  carotid  aitecy  and  the  digastric  muscle.  Further  on  it  oosses  the 
taidon  of  the  digastric,  and,  passing  under  cover  of  the  common  facial  vem  and  the  submaxillaiy 

gland,  comes  to  lie  upon  the  superior  border  of  the  greater  comu  of  the  hyoid  bone.  On  the 
lateral  surface  of  the  hyoplos^iis  muscle,  above  the  mylohyoid,  and  srjiarafed  from  the  lingual 
artery  by  the  hypglossus,  the  nerve  passes  almost  horizontally  forward  to  the  tongue,  the  stemo- 
dcidomastCHd  artery  winding  around  it  at  tl^  curved  middfe  part  d  its  course.  In  its  upper 
verticd  portion  the  hypoglosaus  anastomoses  with  the  ganglion  nodosum  of  the  vagus,  and  abo 
with  the  suite rior  cer\ical  gan^oo  of  the  sympathetic  and  with  the  superior  branches  of  the 
ccrAical  i>le.\u^,  in  tin's  manner  receiving  motor  branches  from  the  ccn'ical  plexus,  with  which 
it  innervates  the  infrahyoid  muscles,  while  the  fibers  oritrfnally  belonging  to  the  nerve  pass  to 
the  muscles  of  the  tongue*).    The  branches  of  the  hypoglossus  arc: 

1.  The  descaidmg  ramus  (Figs.  539,  551,  and  700),  the  longest  of  its  branches,  comes  from 
the  posteiKV  part  of  the  curved  middle  portion  of  its  course  and  really  connsts  of  fibers  wUdi 
have  passed  to  the  hypoglossus  from  the  cervical  plexus  (see  above).  It  passes  downward  through 
the  carotid  fossa,  lying  closely  upon  the  anterior  lateral  surface  of  the  common  carotid  artery 
and  enclosed  in  a  common  sheath  with  it,  to  below  the  omohyoid  muscle.  It  gives  muscular 
brandies  to  both  bellies  of  the  omohyoid  and  to  the  stetnohy^  and  stemothyreoid  muscles. 
Mote  rarely  it  gives  off  fibers,  which  jdn  it  through  its  anastomosis  of  the  vagus,  to  the  cardiac 
plexus,  and  it  forms  constantly  an  anastomosis  ^th  the  cervical  nerves,,  which  is  sometimes 
double  and  is  known  a?  the  ansa  hx'poglossi  (see  page  215). 

2.  The  Ihyrrohyoid  ramus  from  the  hypoglo;v?ns  arises  at  (he  -greater  comu  of  the  hyoid, 
and,  like  the  preceding  ramus,  consists  of  libers  from  the  cervical  plexus  which  have  joined  ilie 
hypo^ossus  through  its  anastomosis.  It  is  a  slender  branch  winch  passes  to  the  muscle  beariiig 
the  same  name. 

The  terminal  branching  of  the  hypoglossus  into  the  Ungual  rami  (Figs.  544,  588,  and  695) 
takes  place  in  the  floor  of  the  mouth,  above  the  mylohyoid  muscle.  Here  the  ner\'e.  accompanied 
by  a  vein  (vena  comilans  of  the  hypoglossal,  page  89),  divides  into  a  number  of  branches,  which 
anastomose  partly  with  one  another  and  partly  also  .with  those  of  the  noore  lateral  lingual  nerve 
(page  204),  and  pass  to  the  geniohyoid  and  the  remaining  true  muscles  of  the  tongue. 

The  Spinal  Nerves. 

The  spinal  nerves  may  be  divided,  as  has  already  been  indicated  (page  121),  into  cervical, 
thoracic,  lumbar,  sacral,  and  coccygeal  nerves. 

*  Seuofy  fibers  alio  join  the  hypogloHHS  tlmni^  tbcw  taMMin^^ 
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THE  (ZRVIGAL  NERVES. 
Ei^t  pans  of  cervical  nerves  (Figs.  539,  551,  6gi^  to  702,  and  714)  are  usually  recognized, 
the  I'ivo  ncn-t»s  which  leave  ihe  spinal  canal  between  occiptjt  and  at!as  being  counted  as  the 
fir^t  i>air  and  thi>,c  thai  emerge  throuj^h  the  intervertebral  foramen  between  the  seventh  ccr\'ical 
and  tirst  thoracic  venebra  being  regarded  as  the  last  pair.  While  the  posterior  divisions  of  the 
cervical  nenres  have  no  important  anastomoses  with  one  another,  the  antenor  divisions  of  the 
first  to  the  fourth  unite  to  form  the  cervical  plexus,  and  those  of  the  fifth  to  the  form  the 
much  larger  brachial  plexus.  In  cantmst  to  what  occurs  in  other  spinal  ner\'e$  the  posterior 
rami  of  the  upper  two  cervical  nerves,  especially  of  the  first,  are  laiiger  than  the  anterior  ones. 

THE  FO«miOR  KAMI  OF  THE  CERVICAL  NBBVSS* 

The  posterior  rami  of  the  cer>-ical  nerves  are  united  in  front  of  the  semispinalis  capitis  by 

anastomoses  which  seem  to  be  most  constant  in  the  upper  nerves.  Each  ramus  divides  into 
a  mtdiai  and  a  lateral  ramus,  which  pass  both  to  the  muscles  and  lo  the  skin  of  the  neck.  From 
the  exceptionally  large  posterior  rami  of  the  two  upper  ner\*es  are  formed  two  nerves  having 
special  names: 

,  I.  The  st^occi^iUd  mrve  (Fig.  £96)  is  the  O^xscr)  posterior  branch  of  the  first  cervical 

ner\e  and  is  almost  purely  motor,  since  this  ncrv'c  has  only  a  very  weak  ix>stcrior  Cscnsorj')  root.* 
Alonij  with  the  vprtebral  artery  it  enters  the  deep  triangle  of  the  nerk  formed  by  the  n  (  tus  capitis 
posterior  major,  the  obliquus  capitis  superior,  and  the  obliquus  capitis  inferior,  and  suppUes 
these  muscles  as  well  as  the  rectus  minor,  the  rectus  lateralis,  and  the  semispinalis  capitis.  Sensory 
branches  pass  to  die  adantoHKcipital  articulation. 

a.  The  great  occipiud  nerve  (Figs.  551, 696,  £99,  and  714),  the  large  {>osterior  branch  of  the 
second  cen-ical,  is  for  the  most  part  sensory.  It  commtmicates  constantly  wirh  the  |x>;terior 
division  of  the  third  cervical t  after  curving  aroun<i  tlu'  inferior  border  of  the  oljlicjuiis  capitis 
inferior,  and  branches  beneath  the  semispinalis  capitis,  sending  muscular  branches  tu  thia  muscle 
and  to  the  multifidus  cervicb  and  the  neighboring  deep  mtisdes  of  the  neck.  The  sensory  main 
portion  of  the  nerve  (ueices  the  semispinalis  capitis  and  the  superfor  part  of  the  trapesdus,  and 
passes  close  to  the  external  occipital  protuberance,  along  the  medial  side  of  the  occipital  artery 
to  the  skin  of  the  occiput,  sending  some  long,  slender  branches  to  the  vertex  and  anastomosing 
I       with  branches  of  the  occipitalis  minor,  the  auriculotemporal,  and  the  supra-orbital  nerves. 

THE  ANTERIOR  RAW  OF  THE  CERVICAL  NBSVBS. 

The  anterior  rami  of  thi  c(  n  ical  nerves  pierce  the  intertransversaril  muscles  and  then  appear 
as  large  flat  cords  at  the  lateral  border  of  the  longus  colli  and  rectus  capitis  anterior  in  the  deeper 
parts  of  the  nedc  After  receiving  communicating  rami  from  the  cervical  and  upper  thoradc 
gangfia  of  die  sympathetic  trunk,  they  form  arched  anastomoses  widi  one  another,  the  cervical 
ansae,  and  these  are  usually  succeeded  in  the  lower  cer\-ical  nerves  by  several  more  acute-angled 
anastomo<;es.  The  upper  four  cervical  ansa-  form  the  cemcal  plexus,  the  lower  four,  together 
with  the  largest  part  of  the  first  thoracic  nene,  form  the  brachial  plexus. 

» 

*Tbe  fint  cervical  ocrvtt  Unw  rewmbles  the  bypqgloMus,  wliote  posterior  root  is  entbd;  wanting  in  num. 
t  Somedme*  lUs  bcaacfa  of  (he  third  cervical  it  independent  and  fnnm  the  Mnl  PteifM  mrv*  tying  medial  to 
•        Ibe  «cdpkiriBi  major. 
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Tig,  696.— The  dcqp  layer  of  the  nerves  and  vessels  of  the  nuchal  ttgmn. ' 

The  S'-mispinales  caphk  have  bctn  rt-flcrtf^  and  fht*  deep  mirha!  tri^tni^lf  fxpusid  !'p""  tli*  right  »idc  the  veins 
h.ivi-  ix-tu  Icil  .itid  Uk:  Uapc/ius  rttkilLti,  upon  thf  left  the  trapezius)  iurn  betii  rctit-i.ttii  Aivi  iJie  rhomboidei  divided. 

*  -  -  Branch  of  dorsal  scapular  nerve  to  levator  acBpulc  **  ^  Portion  of  the  occipital  vein  which  empties  into  the 
detpcervkiilveio.  -f  =  Communication  between  occipital  wid  external  jugulv  veins,  -f  *  =  Conununicatioo  between 
aeoond  and  third  cervical  nerves  (f^eat  occipital  nerve). 

Fig.  697. — The  superficial  nerves  and  vessels  of  the  left  side  of  the  n  1  k      l  irst  l.i\  cr  of  neck.) 

The  ikin  has  been  removed  fnmi  the  margin  of  (he  jaw  to  below  tbe  clavicle,  as  tuts  aJao  the  wperfidal  layer  of 
Ae  cervical  (or  nvdial)  fnacia  tadnad  the  platysma.  **  =  Ad  nccenoiy  cutaneoui  braiicb  of  the  cervical  plemii. 


THE  CBRVKAL  PLEXUS. 

The  eervical  plexus  (Figs.  539,  551, 697  to  700,  and  702)  is  fwined  by  the  arched  aiiastomo!>es 
of  the  anterior  branches  of  the  upper  four  cervical  nerves.  Siaot  those  of  the  two  txpptf  nerves 
are  very  weak,  the  most  important  branches  of  the  ])]t'xus  arise  from  the  thlni  and  fourth  nerves, 
and  partly  from  the  pcrond.  The  plexus  is  covered  by  the  stcmtxlfidomastoid  nui^clc  and 
lies  upon  the  origins  of  the  le  vator  scapula*  and  the  scalenus  nr^dn;^.  behind  the  internal  jugular 
vein.  Beside  giving  off  special  branches  the  plexus  makes  communications  with  several  of 
the  cerebral  nerves,  as  irith  the  gangli(Hi  nodosum  of-  the  vagus,  with  the  tirank  of  the  hypoglossus 
ffirst  cervical),  and  wiA  the  aocessoiy  nerv&  Its  brandies  are  purtly  motor  and  pvtl/  acnsoiy, 
the  latter  being  the  more  important. 

1.  THE  SSNSORY  niANCHBS  OF  TUB  CBRVICAL  FUXII8. 

r.  Ths  ksHT  occipital  nave  (Figs.  541,  542,  591,  691,  692,  and  697  to  700)  arises  principally 
from  the  seoood,  but  partly  also  from  the  third  cervical  nerve,  and  appears,  usually  only  as  a 

medium-sized  nerve,*  at  the  posterior  border  of  the  upper  third  of  the  sternocleidomastoid 
muscle.  Tt  courses  along  the  posterior  border  of  this  muscle  and  over  the  mastoid  prore«<; 
to  the  skin  uf  the  lateral  occipital  region.  It  ana^stomos^  with  the  posterior  branch  of  the 
following  nen'e  and  with  the  greater  occipital  ncr\c. 

3.  The  great  auriadar  nerve  (Figs.  541,  543,  and  697  to  699)  is  much  hugo'  than  the  pre- 
ceding nerA-e,  and  arises  mainly  from  the  third  ccr\'ical.  It  winds  about  the  posterior  boMcr  of 
the  sternocleidomastoid,  a  little  above  the  middle  of  the  muscle,  and  then  passes  almost  vertically 
upward  over  its  lateral  surface.  It  crosses  the  external  jugular  vein,  at  the  lateral  side  of  which 
it  lies  at  first,  and  at  a  varying  level  divides  into  an  anterior  and  a  posterior  branch.  The  anterior 
ramus  traverses  the  parotid  i^and  and  ramifies  in  the  sk&i  of  tl^  lateral  concave  side  of  the  puma 
and  also  in  that  of  the  neighboring  portion  of  the  parotideomasseteric  rcipon.  The  posterior 
ramitt  passes  up  1>chin(I  ilic  ear  and  branches  00  the  medial  surface  of  the  pinna,  al>~o  anastomosiikg 
by  means  of  |)erforatinp^  branches  with  the  <:mnl1  occipital  on  the  concave  side  of  the  pinna,  as 
well  as  in  the  ^^kin  behind  and  above  that  structure. 

3.  The  cutaneous  cervical  nerve  (Figs.  697  and  698)  arises  from  the  third  cer\ical  logelher 
vHh  the  great  auricular,  and  with  it  bends  around  the  posterior  border  of  tlK  stemodridomastoid 
and  then  passes  fwward  horiaontally  over  the  lateral  surface  of  the  musde.  Tt  is  covered  1^* 
the  plaQrsma,  which  it  pierces  by  several  branches;  the  upper  ones,  known  as  the  superior  ram, 

■ 

*  It  is  alw»)n^  frequciitly  decidedly,  weaker  thao  the  greater  ocdpUal  acrvc 
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anastomosing  with  the  cervical  branch  of  the  facial  (superficial  cervical  ansa)  and  ramifying 
in  the  skin  of  the  neck  up  to  the  diin,  while  the  m/mor  rami  are  distributed  down  to  the 


4.  The  supradavkulaT  nerves  (Figs.  595,  697,  699,  and  710)  arise  mainly  Irom  the  fourth 
cemcal^  appear  at  the  posterior  border  oi  Uie  stecnodeidomastoul  as  two  or  three  stemsi  and 
pass,  covered  at  first  by  the  platTsma,  transverBely  thrau^  the  supraclavicular  fossa.  They 

then  divide  into  a  number  of  diverging  branches,  which  pass  superficially  over  the  clavicle,  the 
anterior  branches,  passing  over  the  stemoclavicuhir  articulation,  traverse  the  intervals  between 
the  diverging  bundles  of  the  platysma,  and  ramify  as  the  anterior  supraclaviculcr  nerves  in  the 
upper  portion  of  the  skin  of  the  thorax,  as  the  middle  suprwbnnadar  nerves  in  the  skin  of  the 
infradavicular  fossa,  and  as  the  ^skrior  supradavkid^  nerves  in  the  skin  of  the  shoulder  (deltoid 
ttgjon). 


The  majority  of  the  motor  branches  of  the  cervical  plexus  are  sliort  branches  for  the  inter- 
transversarii  musdes  and  the  rectus  capitis  anterior  and  longus  capitis,  and  also  for  the  upper 
portion  of  the  levator  acapule.  They  also  foim  anastomoses  with  the  accessory  nerve  for  the 

innervation  of  the  (sternocleidomastoid  and)  trapezius.   Only  two  of  them  require  special  notice. 

1.  The  branch  to  the  ansa  hypof^hssi  (Figs.  539,  551,  and  700).  From  the  second  and 
third  cervical  nerves  branches  arise  which  communicate  with  the  descending  ramus  of  thehypo- 
gbssus  (see  page  21 2)  to  form  a  loop,  the  ansa  hypoglossi,  Th^  usually  pass  forward  and  down- 
ward in  the  form  of  a  separate  nerve  trunk  along  the  medial  side  of  the  stemodeidoaustoid  and 
cross  the  lateral  surface  of  the  internal  jugular  vdn. 

2.  The  phrenic  ncn'e  (Figs.  539,  700,  and  701)  is  by  far  the  most  important  and  lonfrcsf 
branch  of  the  plexus.  Il  arises  mainly  from  the  fourth  cervical  ner\e,  but  partly  also  from  the 
iliird  and  sometimes  with  a  small  root  from  the  fifth,  and  very  rarely  even  the  sixth  cervical  nerves. 
It  passes  downward  on  the  anterior  surface  of  the  scalenus  anterior  to  its  insertion  and  enters 
the  superior  thoracic  aperture  behind  the  sternoclavicular  articulation  and  between  the  sub* 
riavian  artery  and  vein.  It  then  continues  its  course  through  the  thorax,  lying  in  front  of  die 
root  of  the  lung,  close  to  the  pericardium,  and  covered  by  (he  pericardial  pleura,  in  company 
with  the  pericardiacophrenic  vessels,  to  the  superior  surface  of  the  diaphragm.  The  right 
nerve  pursues  the  straighto'  course,  keeping  close  to  the  right  innominate  vein  and  the  superior 
vena  cava,  and,  lower  down,  resting  on  that  portion  of  the*  pericardium  which  covers  the  wall  of 
the  right  atrium.  The  left  passes  over  die  greatest  cur\'ature  of  the  lefi  1  ride  and  the  apex 
of  the  heart.  The  left  ncnr  enters  the  costal  part  of  (he  diaphragm  in  the  nel^hborluxKl  of  tlic 
apex  of  the  heart,  while  the  right  one  passes  along  the  inferior  vena  cava  and  enler>  the  diaphragm 
by  several  branches.  Those  branches  which  pierce  the  diaphragm,  mainly  in  the  foramen  for 
the  vena  cava,  but  partly  also  in  the  oesophageal  hiatus,  and  uinervate  the  lumbar  part  are  termed 
the  ^ire$uefi'abdomiMd  bnmeket. 

The  phrenic  nerve  is  not  purely  motor,  but  gives  a  sensory  pericardiac  hnuuk  to  the  pericar- 
dium,  as  well  as  delicate  branches  to  the  superior  surface  of  the  liver. 


clavicle. 


U.  MOTOR  BRANCHES  OF  THE  CERVICAL  PLEXUS. 
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Fto.  698.^The  superficial  nerves  and  veins  of  the  left  side  of  the  nedc.  (Second  layer  of  neck.) 

The  filafysma  has  Wen  (Ihifiert,  the  upper  portion  rcflcririi  tnw.iri!  the  Jaw,  and  the  Inwf  r  fH>rtinn  removed.  The 
(aada  has  \iccn  divided  <iluiig  ihe  fuLUii  veins.  *  =  .'Knastomosis  o{  a«.4.c&aory  nerve  with  tci  vk.i1  i^k-xu^  ^-  —  Com- 
OMinlcatiaa  vt  external  jugular  vein  with  deep  veinft. 

The  upper  perforating  branches  u(  the  internal  mammary  mieU  (oot  repKSealed  in  the  Qlustratimi)  make  tbdr 
mppeaj'atice  between  the  origins  of  the  stcrnocleldomastoidcus. 

Fib.  69^— The  nerves,  arteries,  and  veins  of  the  left  side  of  the  neck.    (Third  lajrer  of  neck.) 

Tlw  mperficiad  layer  of  the  cervical  foada  and  the  wperfidal  veins  have  beea  icaiaved,  eaporing  the  superfidal 
maadea  In  the  dhwclion  finom  vhicb  the  flltntraticn  wa*  nuidr,  the  superficial  oervlcal  artcrj  waa  «nnp«rativrlv  tmall 

and  partly  replaced  hy  the  ascending  branch  of  the  transverse  cervical  artery. 

Fig.  700. — ^The  nerves  and  vesseis  of  the  deeper  layer  of  the  left  side  of  the  neck.   (Fotirtb  layer  of  neck.) 
The  atemocleidoBoastatdeus  hta  been  rut  away,  except  at  ita  origin  and  inaerlioii,  and  the  auperficial  veim  have 

been  n  r:ii>virl.  as  have  also  ihi-  iiinu:n»n  facial  and  smaller  veins.  The  branches  of  the  ccr\Ii  a!  ple\u.<  hjvc  U  en  rut 
away,  except  the  lesser  occipital,  the  phrenic,  and  mumiiar  filaments.  XX  =  Croift-section  of  external  jugular  vein 
near  Ita  termination.  *  ss  Cwaa  aertfcm  of  anterior  jugular  vein  near  ita  teminatioa.  X  s  Cioaimcticin  of  comnaa 

faf-.il  vein  (near  tcrminatio  V  *  Branch  of  (  .  rvif.-il  pleviis  ?<.  ani^i  h\;h't;t'i'i.si.  **  Cron  leCtion of auperioT thyienid 
Vein  (termination).    ^-  =  Sternocleidomastoid  branch  of  superior  thyreoid  artery  (divided). 


THE  BKAOnAL  PLEXUS. 

The  brachid  flexus  (Figs.  539,  ^51,  552,  588,  699,  700,  702,  and  703)  is  formed  by  the 
union  of  the  very  strong  anterior  branches  of  iht-  nuh  to  the  t  ighih  crrviral  and  the  first  thoracic 
nerves.  These  appear  at  the  lateral  border  of  ilie  scaknuh  anterior,  the  fifth  to  seventh  above 
the  subclavian  artery,  the  eighth  behind  it,  and  the  first  thoracic,  which  curves  upward  around 
die  neck  of  the  first  rib,  below  the  aitexy.  The  five  stnN%,  flattemd  nare.  tninks  unite  m  the 
tspaxt  between  the  scnleni,  lateral  to  the  artery,  and  converge  to  fomi  a  reticular  bnmd  nerre 
cord  between  whose  fasdcuti  the  transversahs  colli  artery  winds.  Lying  lateral  to  the  sub- 
clavian arti  ry  tht  ]Ai.\u<  passes  behind  the  clavicle  into  the  depth  of  the  infraclavicular  fossa 

and  to  the  axillary  t<)>-a. 

Thai  portion  of  the  plexus  which  lies  above  the  clavicle  is  kno.vn  as  the  supraclavicular 
portion.  The  nerves  whidi  arise  from  it  are  dt^ributed  to  &e  thoncic  and  secular  rogions, 
while  the  true  brachial  nerves  arise  from  a  rearrangement  d  the  pleinis  which  takes  place  in 
the  axillary  fossa.    Thi.s  latter  part  of  the  plexus  is  known  as  the  infraclavicular  portion.* 

The  Supraclavicular  Part  of  the  Brachial  Plexus. — To  the  supraclavicular  pnrdoH  of 
the  brachial  plexus,  the  following  six  predominantly  motor  ner\'es  are  assigned,  but  ah  of  them 
do  pot  beoome  mdependent  abo\'e  the  clavicle.  The  first  nerves  which  separate  from  the  plexus 
are,  in  addition  to  the  anterior  thoracics,  the  suprascapular  and  donal  scapular  nerves. 

I.  The  dorsal  scapidor  tierve  (Figs.  6g6  and  714)  is  purely  mc  1  t  l  vI  arises  from  the  fifth 
to  the  ?evenlh  i  ranial  nen'es.  Tt  frequently  piert  e>  the  scalenus  medius,  which  it  may  supply, 
and,  in  lomiianv  with  the  descending  branch  ot  the  transverse  cervical  artery,  j)asses  to  the 
rhomboid  muscle,  in  front  of  which  it  continues  its  course  dowTiwarrl.  In  addition  to  supplying 
the  rhomboids  it  also  sends  branches,  as  a  rule,  to  the  mferior  part  of  the  levator  scapule. 

».  The  loHg  thoraek  nerve  (Figs.  551, 552,  and  594)  is  the  motor  nerve  to  the  soratus  anterior. 

*  This  division  is  not  altogether  approfM^iate,  since  several  of  the  nenret  of  the  fupradavimlar  poctioB  onratiifMially 
w  regularly  aciae  bom  the  ptema  lidow  the  level  of  the  davkle. 
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It  also  has  its  origin  from  the  fifth  to  the  seventh  cer\'ical  ner\es  and  passes  dowTi  on  the  lateral 
surface  of  serratus  anterior,  a  short  distance  behind  the  lateral  thoracic  artery. 
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Fir..  701. — The  course  of  the  phrenic  ncrv'es  through  the  thoracic  cavity  to  the  diaphragm. 
Upon  Ixxh  sides  the  thorack  wall  has  Ixtn  divide<l  to  the  outer  side  of  the  nipple  line.    The  right  lung  has  Ijccn 
removed  as  far  as  the  plane  of  the  section  and  part  of  the  left  has  tieen  still  further  rut  away.    The  (lericardial  plcurz 
have  been  dissrcte«l  from  the  pericardium  to  expo*-  the  phrenic  nerves  and  pericardiacophrenic  vessels.    One  half  of 
the  left  innominate  vein  has  been  removed. 

The  dorsal  scapular  and  long  thoracic  nm'cs  are  collectively  spoken  of  as  the  posterior 
thoracic  nerves,  in  contrast  to  the  following: 
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Fso,  702. — ^The  plan  of  the  cervical  and  brachial  plexuses  (after  p.  Eisler,  sMiieirhal  simplified). 

♦  -"  Anterior  thoracic  nerves. 
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3.  The  a$Umer  tkaraeic  narves  (Figs.  539,  551,  and  700),  also  motor,  have  their  orighi  from 
the  fifth  to  the  ei^th  cervical  nerves.    They  are  several  nerves  whidi  arise  ahowe  the  clavicle 

and  course  behind  it  to  the  subclavius  musde  {subdavian  nen>e),  and  then  passing  through  the 
intcr\'al  !>ctwecn  this  and  the  pectoralis  minor  are  distributed  to  the  latter  musde  and  to  the 

pectoralis  major. 

4.  The  suprascapular  nerve  (Figs.  703  and  704),  also  ahnost  exclusively  motor,  arises  mainly 
from  the  sixth  cervical,  and  is  already  independent  in  the  supraclavkular  fossa.  Accompanying 
the  tcaasveise  scapular  artery  it  passes  along  the  inferior  belly  of  the  omohyoid,  behind  the 

claxicle  to  the  scapular  notch,  which  it  traverses,  passing  beneath  the  superior  transverse  scapular 
h'f^amcnt  and  separated  by  it  from  the  transverse  scapular  artery.  It  is  distributed  to  the  siipra- 
spinatus  and  infraspinatus  muscle  and  also  sends  several  isjoe  branches  to  the  capsule  of  the 
shouMer-jamt 

5.  The  siAseaptiar  nerves  (Figs.  553,  594,  703,  and  704),  also  motor,  arise  from  the  sixth 
and  seventh  cervical  nerves.   They  consist  of  two  or  three  smaller  and  one  stronger,  larger  branch; 

the  former  passes  to  the  subscapularis  and  tere^  major  must  Ic  and  the  latter,  known  as  the  Ihoraco- 
dorsai  [lont^  subscapular)  nenc  goes  with  the  corresjxjnding  artery'  to  the  latissimus  dor>i. 

6.  The  last  branch,  belonging  to  the  supraclavicular  portion  of  ihe  plexus,  is  known  as  the 
axiUary  {circumfiex)  nerve  (Figs.  556,  557,  594,  703,  704,  and  710).  It  is  assigned  to  this' 
group  of  nerves  jvindpaUy  on  account  of  its  distribution,  for  it  is  mamly  a  motor  nerve  to  the 
muscles  of  the  shoulder.  But  it  is  also  the  only  one  of  the  group  that  contains  larger,  sensory 
fibers,  and  it  is  not  supraclavicular  in  origin,  but  arises  in  the  axilla,  together  with  the  radial 
nerve,  from  the  posterior  cord  of  the  brachial  plexus  (see  below).  Its  filxirs  come  mainly  from  the 
sixth  and  seventh  cenical  nerves  and  it  passes  with  the  posterior  drcumOex  artery  of  the  humerus 
thixni^  the  quadrangular  space  between  the  teres  major,  teres  minor,  triceps,  mi  humerus  (see 
Vol.  I,  page  187),  giving  off  muscular  rami  to  the  deltoid  and  teres  minor.  A  sensor}  l)ranch, 
(he  lateral  brachuU  cutaneous  nervr  (Figs.  556  anrl  -io\  winds  around  the  posterior  border  of 
the  deltoid  and  ramifies  in  the  skin  which  covers  the  inferior  part  of  the  muscle  (adjoining  the 
area  of  distribution  of  tlie  posterior  supracluvicular  rami),  and  below  llic  insertion  of  the  deltoid. 

The  Infraclavicular  Portion  of  the  Brachial  Ploxtia.— Below  the  davide,  after  the 
biFsnches  of  the  supraclavicular  portion  (with  the  exception  of  the  aallary  nerve)  have  been 

given  off,  a  rearrangement  of  the  constituents  of  (he  brachial  plexus*  takes  place  in  the  axillary 
fossa.  The  plexus  in  the  upper  portion  of  the  axilla,  lateral  to  the  axillar\*  artery,  becomes 
arranged  about  the  artery  in  the  form  of  three  fasciculi,  so  that  a  lateral,  a  m^dUU,  and  a  posterior 
lasdaim  can  be  recognized.  The  Uteral  fasdcuhis  is  composed  mahily  of  i^arts  of  the  fifth, 
sixth,  and  seventh  cervical  nerves,  the  medial  arises  from  the  eighth  cervical  nerve  and  first  thoracic 
(and,  to  a  certain  extent,  also  from  the  seventh  cervical),  and  the  ixjsterior  arises  largely  from  the 
same  ronsfituents  as  the  lateral,  hut  receives  also  a  few  l>ranchcs  from  the  inferior  ner\'e  roots  of 
the  plexus,  t   These  three  cords  give  origin  to  the  six  nerve  tnmks  of  the  infraclavicular  part 

*  The  infradavfcatar  part  is  also  spoken  of  as  the  bracbul  plexus,  In  a 

t  [Bjr  thtt  reunuigeiDeiit  the  fibers  intended  for  the  posteiior  surface  of  the  limb  «re  tepurated  Crom  thoae  destined 
lor  the  tBterior  aurfsce.  The  former  are  collected  in  the  poaterior  faacteulus,  wUch  tin»  receives  6ben  firott  all  tbv 
Dcrre  roots  tt  the  plexus,  while  the  latter  are  divided  between  the  medial  and  lateral  fasdculL— Ed.] 
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Fic.  705.— The  nerves  and  vessels  of  the  shoulder.   (Anterior  view.) 
*  —  Long  head  of  iricepSi 

Fro.  704  — The  nervn  and  vessels  of  the  shoulder.   (Posterior  view.) 

I'l'.u  ilikoi'l  h.is  ix-t  n  [i.irtl;>  n-pn  ami  ihe  remainder  reflected;  a  piece  has  been  sawn  out  of  the  acraoiioii; 
and  the  suprasplnatus,  iniraspiiuitus,  and  teres  minor  have  been  divided  and  tdigluly  retracted.  *  =  Bntocb  of  KnUggy 
nerve  to  teres  miiior. 


of  the  farochial  plexus,  and  also  to  the  axfllaxy  nerve.  Fram  the  lateral  fasdcidus  arise  the 

musculocutaneous  nerve  and  the  lateral  root  of  the  median;  from  the  mcr!i:il  fasciculus  the  medial 
root  of  the  median  ncn^c,  the  ulnar,  the  median  lirachial  cutaneous,  and  the  median  antibtachial 
cutaneous;  and  from  the  posterior  fasciculus  the  radial  and  axillar}'  nerves. 

The  distribution  of  the  a.viUary  nerve  has  already  been  described.  Of  the  remaining  six 
nerves,  three,  die  median,  ulnar,  and  radial,  are  large  stems  which  extend  throughout  the  entire 
length  of  die  extremity  to  the  hand,  while  the  other  three  are  mainly  cutaneous  nerves,  the  rouscu- 
locutancou?,  liowevcr.  lia\  ing  nu)tor  filxTs  in  il>  proximal  portion,  while  its  distal  part  is  sensory. 

The  Three  Small  Nerves  of  the  Infraclavicular  Portion. —  t.  The  musndorulaneous 
nerve  (Figs.  554,  555,  595,  596,  703,  and  704)  is  the  largest  of  these  three  nerves.  It  arises  from 
llie  lateral  faadculus  and  contams  fibers  fn»n  the  fifth,  sixth,  and  seventii  cervkal  nerves.  It 
passes  laterally  to  the  coracobrachialis,  whidi  it  pierces,  as  a  rule,  and  then  courses  downward 
to  die  regian  of  the  elbow-joint  between  the  bicef>s  and  the  brachialis,  supplying  all  three  muscles.* 
From  here  on  it  is  purely  ccn^nry  and  i>  called  the  lateral  (radial)  antlhrarhiitl  cutaneous  nrrve 
(Figs.  554,  555,  595,  and  596).  This  parses  through  the  faw  ia  at  the  lateral  hordt  r  of  the  tendon 
of  the  biceps  and  courses  downward  subcutaneously  with  the  cephalic  vein  u|x)n  the  lateral 
surface  <A  the  fweaim,  ramifying  in  the  skin  of  the  radial  half  of  the  volar  surface  and  the  radial 
border  of  the  forearm.  It -extends  to  the  radial  side  of  the  back  of  the  hand  where  it  anastomoses 
with  the  superficial  ramus  of  the  radial  ner\T. 

2.  The  medial  brachial  (Icsxer  internal)  cutaneous  nerve  I'Fip^.  ^5?,  504.  "q'.  70-^,  and  71  t> 
is  much  weaker  than  the  preceding  and  arises  from  the  medial  fasciculus,  containing  fibers  from 
the  eighth  cervical  and  first  thoracic  nerves.  In  the  adlla,  it  unites  with  the  latnal  cutaneous 
branch  of  the  second,  and  often  also  of  the  third  mtercostal  nerves  (intercosUtbraehi^  anastomosis) 
and  in  this  manner  tfOtos  a  rather  thin  nerve,  occasionally  douijli',  which  pierces  the  fascift  On 
the  mc-<lial  ^id(.•  nf  the  ujiper  arm  !k;1o\v  fhe  insertion  of  the  latissimus  doTsi  and  is  distributed 
to  the  skin  of  the  medial  side  of  \hv  uppiT  arm. 

3.  The  medial  anlibrackial  {internal )  cutaneous  nerve  (Figs.  554,  595,  596,  and  703),  although 
Stronger  duin  the  preceding,  is  weaker  than  the  musculocutaneous.  It  arises  from  the  medial 
fasdcidus  and  contams  fibers  of  the  eighth  cervical  and  first  thoracic.  At  first  h  passes  downward 
on  the  medial  side  of  the  brachial  artcrj'  in  front  of  the  tilnar  ner\'c,  and  then  accompanies  the 
liasilir  vein,  with  which  it  pierces  the  brachial  fascia  below  the  middle  of  the  upper  arm,  and 
immediately  divides  into  two  branches,  [a)  The  volar  ramus  passes  in  front  of  the  lacertus 
fibrosus  to  the  ulnar  half  of  the  volar  surface  ctf  the  forearm,  and  (b)  the  ulnar  ramus  accompanies 
the  basilic  vein  toward  the  wrist-jomt  and  ramifies  on  the  ulnar  surface  of  the  forearm. 

-  *Tlie  brsdiiaUi  n ionecvstcd  nol.oo^  hy  die  mutadoctttancoua^  but  slao  bjr  biudies  from  the  imdial  aenr 
(see  bdow). 
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Hie  M«di«ll  Herve.— The  median  ncn  e  (Figs.  554,  555,  563,  563,  703,  and  705  to  709), 

in  location  as  well  a?  in  size  the  middle  of  the  thrrc  brachi;!!  nen-fs,  arises  in  the  inferior  part 
of  the  axillary'  fosf^a  from  two  root*;,  which  unite  at  an  ai  ute  angle  in  from  oi  the  axillan,'  artcr)', 
one  having  its  origin  from  the  medial,  the  other  from  the  lateral  fasciculus  of  the  brachial  plexus. 
Tbe  fdnner  doives  its  fibeis  mainly  fiom  the  sixth  and  seventh  cervical  nn^es,  the  latter  fram 
the  eighth  cervical  and  6xst  thoiacic  From  the  forked  ori^  an  ahnost  circubr  stem  arises, 
which  in  its  upper  part  lies  close  to  the  biachial  artery  in  the  medial  bicipital  su1cu>.  but  in  the 
lower  third  of  the  upper  arm  gradtially  comes  to  lie  first  in  front  of  the  artcn-  and  tlien  on  its 
medial  side.  Then,  directly  covered  by  the  lacertus  fibrosus,  it  courses  with  the  brachial  artery 
into  the  cubital  fossa. 

Not  until  it  readtes  the  bottom  of  this  depression  does  the  nerve  bFanch,  and  it  passes  out 
of  the  fossa  between  the  humeral  and  ulnar  heads  ol  the  pfonator  teres  and  comes  to  lie  deeply 
in  the  middle  of  tbe  volar  surface  of  the  foreaxm^  between  tlie  flexor  digitorum  sitbh'mi-;  anr! 
the  flexor  dif^'torum  profundus.  It  continues  onward  to  the  wrist,  and  with  the  tcntions  of 
these  muscles  passes  through  the  carpal  canal  and  its  terminal  branches  are  distributed  in  the 
palm  of  the  hand. 

The  median,  like  aU  the  three  huge  Inadiial  nerves,  is  a  mixed  nerve,  and  its  distiibution 
is  to  the  mtisculature  of  the  tlexor  surface  of  the  forearm  and  to  the  palm  of  the  hand.  In  the 
upper  arm  it  t!«;ually  gives  otT  no  branches,  witli  the  exeeplion  of  an  occasional  COmmtmicating 
blunch  to  the  musculocutaneous.*    The  Ijranches  of  the  nn-dian  nerve  are: 

1.  In  the  Foreaam:  i.  Munulur  rami  ^Figs.  706  and  707J  for  the  pronator  lures,  tlexor 
caipi  ndialis,  palmaris  longus,  flexor  digitonun  sublimis,  and  the  radial  half  of  the  flexor  dig- 
itorum profundus. 

2.  The  volar  (atUibrachial)  inierosseous  netvt  707)  is  a  kng  muscular  branch  intended 
for  the  pronator  quadratus.  With  the  corresponding  artery  it  passes  over  the  anterior  stirface 
of  the  antibrachial  interosseous  membrane  to  the  musde,  and  contains  also  a  few  sensory 
branches  for  the  radiocarpal  articulation. 

3.  The  palmar  brofieh  (Figs.  562,  596,  706,  and  712)  arises  above  the  wrist  and  passes  with 
the  tendon  of  the  palmaris  longus  to  the  skin  of  the  volar  suriaoe  of  the  hand. 

IT.  In  rnK  Hand.  In  the  depth  of  the  palm,  that  is  to  say.  in  the  region  of  the  carpometa- 
carpal joints,  the  median  nerve  divides  into  three  strong  common  volar  digital  nenrs  (Figs. 562  and 
712),  which  pass  below  the  sujx;rticiai  volar  arch  toward  the  fingers,  each  dividing  in  the  region 
of  the  metacarpophalangeal  joints  into  two  (or  three)  proper  iwlor  dtgiUU  nerves  (Figs.  562  and 
565),  which  are  the  sensory  branches  for  die  $km  of  the  fingers  and  are  seven  m  number.  Beside 
suppfying  the  three  radial  dibits  and  the  radial  aide  of  the  fourth,  the  median  nerve  also  supplies 
a  few  muscles  in  the  palm  of  the  hand  1>y  means,  of  fine  braiTclu  s  of  the  common  digital  nen-es. 
From  the  first  of  these  arc  supplied  the  alxhu  tor  {w>lHris  breris,  the  op[K)nen-  ])olli(  is,  the  super- 
ficial head  of  the  tlexor  poUicis  brevis,  and  the  radial  lumbricalis.  The  second  and  thin!  each 
give  a  branch  to  the  second  and  third  lumhricalfe,  and  the  third,  by  an  oblique  anastomosis, 
also  unites  with  tbe  volar  branch  of  the  ulnar. 

*  ThbaButaoMMiat  when  ptcaent,  k  to  be  regarded  •»«  delayed  rearrsngeinent  of  the  fiben of  ttie{demis destined 
for  tbe  two  aemt.  Bf  itthemediaa  tnimfento  ibe  tmncnloaitaneoas  fibers  wbfcb  property  beleng  to  It. 
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FkG.  705. — ^The  vessels  and  nerves  of  the  flexor  surface  of  the  forearm.   (Superficial  layer.) 

The  laccrtus  fihrrssiis  is  (lividcd  and  the  l>rachu)radialis  drawn  harknard. 

Fig.  706. —  I  hc  vessels  and  nen'es  of  the  flexor  surface  of  the  forearm.    (Deej>  layer.; 
The  pronator  teres,  |xilmaris  longus,  and  &vxot  i  tr-  :  ;  .ulijli>  Ii  im:  been  partly  removed  and  the  tendon  of  the  flexor 
carpi  ttliiiriiilivided.    -}■  =  Sitt:  of  enuanctt  of  dccc  branch  oi  radial  nerve  into  the  •ai^nator.   *  =  Ulnar  head  of 
prouator  teres.       =  Radial  bead  of  flexor  digitomm  suUtmia. 

Fig.  707. — The  deep  layer  of  the  ner\es  and  vessels  of  the  flexor  surface  of  the  forearm. 
All  the  flexors  and  pronators  of  the  superficial  layer  have  been  divided  and  the  median  nerve  and  flexor  d^itonun 
profundus  drawn  to  one  side. 

Fig.  708. — The  vessels  and  ncr>-es  of  the  ulnar  side  of  the  elbow. 
The  flexors  and  pronators  of  the  forearm  have  been  either  divided  or  partly  removed. 
Fic.  709. — ^The  veasds  and  nerves  of  tbe  radial  side  of  the  elbowr. 

Tl:>-  r.idi.jl  i^oup  of  the  muscles  of  the  forearm  has  been  reflected  and  the  supinator  divided  along  the  deep  branch 
of  the  radial  ocrvc.  *  =  Radial  head  of  flexor  digitorum  sublimis.  **  =  Anastomosis  between  ulnar  recurrent  and  inferior 
ulnar  coUntera]  arteries. 


The  first  common  volar  digital  ncn-e  supplies,  in  addition  to  the  muscles  mentioned,  both 
borders  of  ihc  thumb  and  the  radial  border  of  the  inde.K  finger,  furnishing,  thrrcforc,  the  radial 
and  ulnar  proper  volar  digital  nerve  oj  iite  Ihumb  and  the  radial  proper  volar  digital  nerve  oj  the 
i$idex;  the  second  comunon  volar  <Ugital  fiumshcs  At  idmr  proper  velar  digital  nerve  af  tkeindex 
and  die  radial  proper  volar  digilal  nerve  of  ike  third  t^gU;  and  the  tbiid  common  vdar  digital 
gives  oil  the  tdnar  proper  volar  digital  nerve  oj  the  third  digit  and  the  radial  proper  volar  digilal 
nenr  oj  tJir  jourih  digit.  Seven  proper  volar  digital  nerves,  therefoie,  arise  from  the  median 
nerve        Ik  Iow). 

The  Ulnar  Nerve.— The  ulnar  nerve  (Figs.  554,  555,  703,  and  705  to  709^  is  the  smallest 
of  the  three  lange  nerves  of  the  anocL  It  arises  from  the  medial  fasdcoltis  of  the  brachial  plexus 
and  contains  iihers  from  the  eighth  cervical  and  first  thoracic  nerves,  and  also  some  from  the 

seventh  ceri'ical.  It  is  similar  to  the  median  ncr\'e  in  that  it  does  not  branch  until  it  reaches 
the  forearm,  in  which  it  gives  motor  fibirs  to  \hv  mu-(  U  ^  of  rhu  volar  surface  anrl  send?  smson,- 
and  motor  libers  to  the  hand.  In  contrast  to  the  median  its  distribution  is  not  contined  to  the 
palm  of  the  hand,  but  extends  to  the  doisum. 

Bdow  its  origin  from  the  brachial  plexus  it  courses  on  the  medial  side  ci  the  brachial  artery, 
then  divert"  -  from  it,  and  in  company  widi  the  superior  collateral  ulnar  artery  passes  downward 
along  the  muli.ii  intermuscular  septum,  frequently  enclosed  by  it,  and  pa,sses  behind  the  medial 
epicondyle,  wlu  re  it  i  (imc<  to  lie  beiween  the  two  head-;  of  tlic  llt  xor  caqii  ulnari^.  It  then 
pierces  the  flexor  carpi  ulnaris  an<i  turns  fonvard  to  the  ulnar  and  volar  surface  of  the  forearm, 
between  flexor  cazpi  ulnaris  and  Acxor  digitorum  ])rofundus,  and  comes  to  lie  dose  to  the  idnar 
aitery,  along  the  ubiar  side  of  which  it  passes  to  the  wrist.  A  few  centimetets  above  this  johit. 
at  the  radial  side  of  the  tendon  of  the  flexor  carpi  ulnaris,  it  divides  into  its  !( rminal  brandies, 
a  volar  ram'.;?  whl  li  the  continuation  of  the  Stem,  and  a  much  smaller  dorsal  ramus.  The 
branches  of  thu  ulnar  ner\'c  are: 

I.  In  the  Fore.\rm,  in  addition  to  a  few  sensory  branches  for  the  elbow  joints: 

1.  Musailar  rami  (Fig.  70S)  to  the  flexor  carpi  ulnaris  and  to  the  ulnar  half  of  the  flexor 
d^tCHTum  profundus. 

2.  The  palmar  cutaneous  (Figs.  596,  706,  and  713),  which  is  much  smaller  than  the  oor* 
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responding  lamtis  of  the  meditn  nerve,  passes  between  the  tendons  of  the  flexor  carpi  ulnaris 
and  flexor  Higiiorum  profundu?,  and  perforates  the  antibrachiai  fascia  above  the  wrist- joint. 
It  sup])tic-  tlie  skin  of  the  ulnar  portion  of  the  palm,  as  well  as  the  neighboring  part  of  the  lower 
end  of  the  forearm. 

II.  Ik  the  Hand:  i.  The  dorsal  ramus  (Figs.  558,  559,  705,  707,  and  713)  passes  above 
the  stylmd  process  of  the  ulna,  between  the  tdna  and  the  flexor  carpi  ulnaris  to  the  dorsum  of  the 
hand.  It  is  a  purely  sensory  nerve  and,  besides  giving  off  branches  to  the  dorsal  surface  of  the 
wrist  joint  and  to  the  skin  of  the  hand,  it  «<«nds  five  dorm!  digital  neri'cx  to  the  sides  of  thr  two 
ukiar  digits  and  the  ulnar  side  of  the  third  (sec  below).  It  anastomoses  in  the  metacarpal  region 
(often  doubly)  with  the  superficial  bnndk  of  the  radial  necvt, 

a.  The  volar  ramus  (Fig.  562)  is  the  real  oontinuation  of  the  trunk.  It  accompanies  the 
uhiar  arter)'  :in(l  passes  between  it  and  the  pisiform  bone  to  the  palm.  Here  it  is  covered  by 
the  palmaris  hn  vis,  which  it  supplies,  and  it  then  divides  into  its  two  tcnninals. 

(a\  The  superficial  vol<3r  branch  iY\^.  56?)  is  purely  senson,-  and  divides  into  two  liranchcs, 
the  ulnar  proper  volar  digilai.  nerve  oj  the  fijih  digit  and  the  fourth  common  volar  digUal  nerve. 
The  latter  anastomoses  with  the  third  common  volar  digital  branch  of  the  median  nerve  and 
di^es  into  the  radki  proper  veiar  UpM  0/  Ike  fifth  digU  and  the  idnar  proper  vehr  digdal  of 
Ike  fourth  digit. 

(b)  The  deep  volar  branch  (Fig.  708)  is  almost  purely  motor.  Tt  passes  with  the  deep  volar 
branch  of  the  ulnar  artery  between  the  hypothenar  muscles  into  the  depth  of  the  palm,  iimervatcs 
these  muscles,  and  in  addition  ^ves  muscular  rami  to  the  fourth  limibricalls,  the  adductor 
pollicts,  all  the  interossd,  and  the  deep  head  of  the  Aemr  poQids.  It  accmnpanies  the  deep 
volar  arch  m  the  depth  of  the  palm  and  gives  off  fine  brandies  to  the  volar  surte^e  of  the  wrist 

and  met.!'  :tr'Mv>}i:il:Hv;eaI  articulation-. 

The  Radial  Nerve.— The  radial  ni-rvc  (musculoipiral)  (Fi<7-..  554  to  557,  705.  and  joq)  is 
the  strongest  of  the  three  large  nerves  in  the  arm.  It  arises  from  the  posterior  cord  of  the  brachial 
plexus  and  contains  mainly  fibers  from  the  sixth,  seventh,  and  ei^th  cervkal  nerves.  At  its 
origm  it  lies  behind  the  brachial,  or  rather  the  axillary  artery,  but  soon  separates  from  it,  passing 
with  the  deep  brachial  artery  between  the  long  and  medial  head  of  the  triceps.  Then,  at  first 
acromimnierl  h\  the  de(>p  bradiial.  ;ind  later  by  the  radial  collateral  arter>%  it  curve-  fonvard 
around  the  posterior  surface  of  ihe  humerus  in  the  groove  for  the  radial  nerve  between  the  heads 
of  the  triceps,  and  comes  to  lie  in  the  groove  between  the  brachicradialis  and  brachialis,  that  b  to 
say,  at  the  bottom  of  the  cuUtal  fossa,  where  it  divides  into  its  two  teraiihal  branches,  the  weaker, 
purdy  sensory,  superficial  ramus  going  to  the  dorsum  of  the  hand,  and  the  stronger,  almost  purdy 
motor,  drrp  ramus,  u  hit  li  passes  to  the  posterior  surface  of  the  antibrachium,  and  does  not  extend 
beyond  tlie  wrist.  The  main  di'^tribtition  of  the  radial  ncr\-e.  which  like  the  other  two  large 
arm  ner\es  is  a  mixed  ncne,  is  to  the  upper  arm  and  forearm.  The  weaker  terminal  branch 
alone  readies  the  hand,  and  is  distributed  only  to  the  dorsum.  Besides  giving  muscuhv  branches 
to  aU  the  extensors  of  the  upper  extremity  the  radial  nerve  also  sends  cutaneous  brandies  to 
the  posterior  surface  of  the  arm. 

The  branches  of  the  r.'dial  ner\-e  are; 

1.  In  the  Upper  \bm:  1.  The  .*-^sterior  brachial  cutaneous  nerve  (Figs.  556  and  710) 
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Fig.  710. — Thp  rutaneou?  ner\'P«  and  veirr*  nf  the  extensnr  surface  of  the  upper  arm. 
FlO.  711. — The  tuUiiicuu^!  ncrvts  and  veins  ol  the  exlen.sur  surface  of  the  forearm. 

*  =  Acetmotf  CttMaeous  branch  from  axillary  nrrvr.  **  -  Anastomasis  bctlWCW  postrrior  bnchial  and  doml 
•ntibrnchial  cutMeoos  Bcms.  ***  ~  AnaHomosis  between  dorial  uiiibrachud  cutmaeoiu  aod  radul  nervet.  -u^  Cut- 
aneous IVBitcheft  df  potterior  circumflex  vemeli  of  huraenu.    4  *  »  Cutaocout  branchea  of  tboraco-arromial  vmmli, 

Fig.  712. — The  superficial  nerves  and  vessels  of  the  palm. 

*  ~  Cutaneous  branch  of  the  ulnar  mm.  **  =■  Volar  cutaneous  branches  of  Uic  median  and  ulnar  nern*. 
-r  =  Volar  digital  artery  of  thumb. 

Fig.  713. — The  superficial  nerves  and  \  cins  of  the  back  of  the  hand, 
•f  -r  —  Anastonmiis  between  ulnar  and  radial  ncrt  cs. 

pierces  the  fibers  of  the  lateral  head  of  the  triceps  and  comes  to  the  surface  at  about  the  level 
of  the  ddtoid  insertion.  su]>))!yin};  the  -kin  on  tho  ]K)>ti'nor  surface  of  the  Uf^ter  aitO.  It  is  not 
always  prpst-nt  and  may  ])v  rcplacai  I)y  \hv  dorsal  antibrachial  ctitanemis  nerve. 

2.  Musiular  rami  (I  igs.  557  and  705  to  707)  to  the  triceps,*  the  aAconacus,t  the  brachio- 
radialis,  and  the  radial  side  of  the  brachialis. 

5.  The  Jtffivi/  aaiStracMai  cuiameia  nerve  (Figs.  556,  557,  710,  and  711)  is  much  lai^j^ 
than  the  bradiial  cutaneous.  It  comes  to  the  surface  at  the  Uteralmteiinuscubrsqitum  between 
the  lateral  and  medial  hcad.s  of  the  triceps,  it  accompanies  the  dorsal  terminal  branch  of  the 
radial  collateral  artcrv',  and  pierce?  the  deep  fascia  a!x)vc  the  elbow  joint.  If  h  di^buted  to  the 
skin  of  the  dorsal  surface  of  the  forearm  and  extends  down  almost  to  the  wrist. 

II.  In  the  Cubital  Fossa.  In  the  depth  of  the  cubital  fossa  muscular  branches,  going 
to  the  ratdial  group  ol  muscles  of  the  forearm,  leave  die  trunk  of  the  radial  nerve  just  before  it 
divides  into  its  two  terminal  branches. 

III.  The  superficial  ramus  oj  Ihr  radial  nerve  (radial  ncnr)  'Figs.  506,  705,  711,  and  713"!, 
although  the  smaller  of  the  two  terminals,  continues  in  the  direction  of  the  main  trunk.  Covered 
hy  the  brachioradiaiis  it  passes  along  ih(  radial  side  of  the  radial  artery,  but  not  so  close  to 
it  as  the  uhuir  nerve  is  to  the  uhiar  artery,  and  a,bove  the  styloid  process  of  the  radius  it  passes 
between  tin  bone  and  the  tendon  of  the  brachioradiaiis  and  goes  to  the  posterior  surfoce  of  the 
lower  end  of  the  forearm.  Here  the  ncn'c  pioces  the  antibracliial  fascia  and  divides  usually 
into  two  branches,  of  whic  h  tlie  radial  anastomoses  with  the  lateral  antibrachial  cutaneous  and 
the  ulnar.  1>\  nii  ans  of  the  anasiamosing  ulnar  ramus,  which  is  often  double,  with  the  ulnar  nerve. 
I  he  five  radial  dorsal  digital  nerves  arise  from  these  two  branches  (see  below).  J 

IV.  The  deep  rimus  0}  the  radial  nerve  {pos^rior  intereueous  nerve)  (Figs.  558,  S59>  705« 
and  709),  the  larger,  motor  terminal  ramus,  tisuaUy,  after  piercing  the  supinator,  cur\-cs  to  the 
dorsal  sUT&ce  of  the  forearm  and  supplies,  in  addition  to  the  supinator,  all  the  antibrachial  exten- 
sors. Tt  arrompanie?  the  dorsal  interosseous  artery.  lyin<:r  between  (he  superficial  and  deep  layer 
of  the  antibrachial  extensors,  and  its  terminal  branch  is  a  line  sensory  dorsal  interosseous  nervCy 
which  passes  to  the  dorsal  surface  <rf  the  caipometacarpal  joints  and  accompanies  the  dorsal 
terminal  portion  of  the  volar  interosseous  artery  (see  page  48). 

*  a  iH-anih  of  the-  radial  passing  to  thr  Icnm  part  of  the  medial  bead  of  the  trioepa  of  leu  accompanies  tbe  ulBsr 
nerve  (ulnar  coUalcral)  in  a  common  sbcatli. 

t  The  muscular  branch  for  the  anronaeus  paaaes  in  tbe  •ufaetance  of  the  medial  hjad  of  the  trioepe  and  alao  Mwls 
sensory  branches  to  the  clt>ow. 

}  A  lew  branches  of  tbe  radial  ncrt-c  pass  over  the  radial  border  oi  the  thumb  to  the  skin  oi  the  thenar  eminence. 


Digitized  by  Google 


posterior 
iupraclavicular  nerve 


cephalic  vim 


h,  «r^,i,rinr  branch,  of  m f dial 

br.  0/ posterior  ^ 
brack,  cut  nerrt  uruin.  tw.  »• 


posterior 
brack,  cut.  nave 


crphalic  vrin 

don.  antibrach.  cut. 
nerve 


branch,  of  med. 
brachial  cut. 
nerve 


sttptrf.  br.  of  radial 
Item 


lot  epicondyle 
of  httmerus 


Fig.  710. 


olecranon  cephalic 
vein 


den.  antibr. 
(III.  nerve 
dorsal,  manas 
br.  of  ulnar 
neroi 


f  ig.  711. 


Digitized  by  Google 


THE  NERVOUS  SYSTEii. 


235 


THE  NERVES  OF  THE  FINGER& 

Just  as  every  finger  receives  four  arteries,  so  it  pos>c??cs  four  sensor)'  ner\'es  (Fig^.  56?, 
563,  712,  and  7i,V^  exactly  .is  in  the  arteries,  the  volar  nervTs  are  dcridcflly  stronger  than 
the  dorsal  ones,  and,  furthermore,  the  volar  ner\es  supply  also  the  dorsal  surfaces  of  the  terminal 
phalanges.  Of  the  proper  volar  digital  nerws^  the  seven  ndial  ones  aike  from  the  medim  nerve 
and  the  three  ulnar  ones  fmm  the  ulnar.  The  middle  eight  arise  from  the  divnkm  of  four 
volar  digikis,  of  which  the  three  radial  ones  belong  to  the  median  nerve,  the  ufaiar  one  to  the 
ufaiar  nerve.    The  proper  volar  digital  nerves  lie  medially  to  the  rorrc^pondini;  arteries. 

The  doruil  digital  nrn'fs  arc  much  w  eaker  than  the  volars,  and  the  hve  radial  ones  arise  from 
the  supcrlitial  ramus  of  the  radial  ner\e,  the  tivc  ulnar  ones  from  the  ramus  of  the  uhiar  nerve, 
which  passes  to  the  dorsum  of  the  hand. 

/imtrvafvMi  */  tke  Jimtkt  •/  tke  Upptr  Extmmty. 

L  Shoulder  musrles: 

Mhii  -r  Ttmminur  ai.-««jlbry  Mm. 
Trrrs  major  (  •  LtUiisimus)     Ikoracoiarmt  nervt 
Suhscaptilarit  —  subuaptdar  rami 
Sufntsfiikttmi  H-  it^mtfimaUu  =  tmfmu^t^  mrve 

II.  Upper  im  notdcs: 

Biceps,  CoraeokrMlMUt       the  greater  pari  oj  titt  Btaekialu  ^  mmadoaUantMU  ntrvt. 
Trite p <      I luonatttt,  BraOaAHi  (pwtly)  sftfiUtl  ntrve. 

III.  Forearm  muscles: 

FrviMtar  lerrt,  Fttxar  earpi  radtaKj,  F^mmis  tangtu,  Fkmr  HgHonim  sMims,  Fkxof  digUtntm  prpfutkhis 

fhain  .md  Proiuil.rt  ,jUiii{r,:!u<,  —  median  nenr  / 
tkxor  lurpi  tdn^ru.  I  kxtw  ittgUorum  profundus  tlialf)  =  ulnar  nerve. 
Brachioradialis,  Extensirres  earpi  ndiaUs  —  radial  nerve.  o 

Supimtar,  Extensor  digitorum  communis,  Exteiucr  earpi  tUnoris,  Exiemtor  digiti  V  propr.  \  dttp  rammt  •/  the 
Eiaetuar  indicis  propr..  Extensor  poUitis,  AhdnOof  pMkU  longus  \      radial  turve.  fy 

IV.  Hand  musrics: 

Abduttof  paUicit  hrtvit.  Opponent  poUicis,  Fkxer  paUitts  brevit  (partly),  Lumbricalet  (two  to  three)  =^  median  < 

Addi«  ti>r  dif^iti  V,  VWxi^t  tirr-.  U  Als^its.  H ppi-itiriit  J:^!l i  V .  .\h<liicl,tr  fir>l!irif  hrn-rs.  FUx:-!r  pnlNcis  brexis  (fittily^ 
Lumbritales  (one  to  two),  Interossei  dorsales  and  volares  ^  ulnar  nerve  {deep  volar  ramus).  4" 

The  SVm^TV  Skin  Areas  oj  Ihr  I' pi-rr  Fjctremily. 

Shoulder:  Upper  part  {aofmnial  region  and  upper  put  ol  the  deltoid  regiott)  =  posterior  supraciavicMiar  uents. 
Lower  put  {dtUeid  regAm)  s  taierat  hraekial  mlaneeia  nerve, 

,    lar\'  f''i'S'vi;  ^^kin  <>f  tlu- ^j.vj'/i'.irT /rin.j      iriirrcinfobrnrhiti'  aru]  mrdus!  hr.u-l:iii!  itilaneous  nen  f  ^. 
I'pper  arm:  Lateral  brachial  region  —  lateral  brachial  cutaneous  ticnt  iiimi  posterior  brachial  cutancoui,.  i'viUrior 
hraeiM  regieit  =  pesterier  brackiat  eMtanemu  nerve,    .interior  bnukiat  region  -   medial  brachial 
CMteMVM  nerve.    Medial  brachial  region  =  medial  brachial  tntantous  netve.    FaeUriar  enbital 
region     mediai  antibrachial  cutaneous  and  dorsal  antibrachial  cutaneous  nerves.    tMteral  etAUai 
^  region      dorsal  antibrachial  cutarieous  nerve.    .Medial  cubital  region      medial  antibrachial  cutan. 

eons  nerve.   Anterior  cnbilai  region  ^  mediai  and  iaterai  aniibratkial  and  medial  brachial  entaneous 
nerves. 

FofMini:    Derf-;!  ri't/tV'r  .i-'i;' r/  rrcion      ii.trs<}l  aitHhriichui'  l  ulaneotis  nerve.    Ulnar  antibrachial  region  ~  tiicJi.i! 

antibrachial  cutaneous  nerve  —  ulnar  branch.     Radial  antibrathiai  region  —  iaterai  antibrachial 
MtfliWMif  nerve.    Volar  ontUraehid  region  =  medial  antihraektal  cutaneous  nerve  —  velar  brandt. 
Huh):  Dorsai  region  -  ■  dorsal  ramus  of  ulnar  nmr  anrl  ^uprrfu ii!  r.\miis  nf  r.uii.i!  i\rrx-e  'parllv  a'sfi  \\\v  literal 
anHbrackial  cutaneous  nerve).    Donal  digital  region  -   ulnar  net  '  '  dfxi^  eamus   and  radial  nerve 


subscapular  nerves. 
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Fio.  714.— The  superficial  and  middle  layer  of  the  nerves  and  vessels  of  the  nuchal  region. 
Upon  the  left  Mt  the  tnpeziua,  itmiodeidoniutittdeus,  ipileiihM.  u>d  levator  tcapultc  have  been  divided. 
•  ■■OcdpHalnet  olextenal  jugular  vrfiL 


There  are  twelve  pairs  of  thoiadc  nerves  which  pass  through  the  intervertd»a]  foraimna 
of  the  vertebral  column,  the  last  one  through  the  foramen  between  the  twdfth  thoracic  and  first 

lumbar  vertebrae.  T.ikf  all  spinal  ncr\'es,  they  divide  into  a  stronger  anterior  and  a  weaker 
jwslerior  branch.  'Vhv  first  llioracic  ner\"c  is  the  larjxcst,  tlu-  mitldle  ones  are  the  weakest,  the 
lower  two  or  threv  again  being  decidedly  larger  than  the  middle  ones. 

Posterior  Rami  of  the  Thoracic  Horvos.— The  posterior  rami  of  Ae  thoracic  nerves 
(Pig^  696  and  714)  pass  bdund  the  anterior  (but  in  front  of  the  posterior)  costotnnsvetse  ligi* 
ments  into  the  deeper  portions  of  the  dorsal  groove  and  arc  mixed  ncncs,  carr\  ing  motor  fibers 
for  the  (dee]))  muscles  of  the  back  as  well  as  scnsorv*  fiber?  for  the  skin.  Eacli  ramus  divides 
into  a  medial  and  a  lateral  branch,  the  lateral  ones  being  the  stronger  in  the  upper  ner\es  and 
the  medial  ones  in  the  lower;  this  is  especially  true  of  the  terminal  sensory  branches  to  the  skin 
of  the  back. 

1.  The  medial  cutaneous  ramus  is  distributed  to  the  deep  la\ers  of  the  muscles  of  the  back 

(short  and  lonj^  musclr-),  picrtxs  the  flat  miisrlcs  of  tlu-  bai  k  1 'raptv.iu^'i  without  innen'ating 
thrn^.  and  turminatei^  in  the  skin  of  the  middle  dorsal  region,  and  above,  also,  in  the  neighboring 
lateral  dorsal  region. 

2,  The  lateral  cutaneous  ramus  supplies  the  lateral  portions  of  the  long  muscles  of  the  back 
and  terminates  in  the  cases  of  the  five  lower  thoracic  nerves  in  long  twigs  which  penetrate  the 
latisatmus  dorsi  to  reach  the  integument. 

The  Anterior  Rami  or  Intercostal  Nerves. — The  anterior  rami  of  the  thoracic  nrncs 
are  the  intercoslal  mn>es  (Figs.  538  and  587),  and  arc  the  only  anterior  rami  of  the  spinal  nt-rvt*!; 
which  do  not  form  a  plexus,  but  apart  from  a  few  occasional  delicate  anastomoses  remain  entirety 
independent.  Each  intercostal  recdves  a  commmucating  ramus  from  a  nd^boring  sympathetic 
thoracic  ganglion,  and  then,  in  correspondenc  e  \\  ith  the  course  of  the  ribs,  p>asscs  laterally  and 
for\vard  in  the  intercostal  space.  The  twelfth  intercostal  runs  parallel  to  the  lower  bonier  of 
the  twelfth  rib  (su!>rostal  nen-e). 

At  fust  each  intercostal  nerve  lies  near  the  head  of  the  rib,  below  the  intercostal  artery,  and 
direcdy  covered  by  the  costal  pleura  and  the  endothoradc  fascia;  it  then  passes  between  the 
intercostal  muscles,  lying  in  front  <A  the  internal  but  behind  the  cxtcmal,  at  about  the  middle 
of  the  height  of  the  intercostal  space.  The  lower  nerves  {lass  between  the  false  riha  and  antcxwriy 
are  continued  onward  between  the  flat  abdominal  muscles. 

The  first  intercostal  nerve  is  ven.'  weak,  since  the  main  part  of  the  anterior  ramus  of  the 
first  thoracic  m  r_'  •''Ifs  '  -'in  the  formation  of  the  brachial  plexus.   The  large  twelfth  inter- 


(amferfieial  ramus)  (»ee  pagrs  223  and  225).  Volar  region  ■  -  palmar  ramus  of  mtditm  mmm  and 
pernor  ramus  of  ulmtr  mcnt,  VoUr  digiiai  rtgioH  —  median  mtw  (the  bordenof  Uvee  aad  a  hiif 
fineen)  woA  suftrfdat  volar  nmus  »/  nfiMr  ncrw  (ihe  faorden  of  one  aad  »  half  fiqfn)  (tee 
paget  »»  and 
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rostal  at  first  follows  the  course  of  the  twelfth  rih,  then  passes  obliquely  in  front  of  the  q^3ar^rat^Js 
himhorum,  and  >inks  into  the  anterior  lamina  of  the  lumlx)dorsal  fascia,  runs  between  the  tlat 
abdominal  muscles  ubliquely  downward  and  terminales  in  muscular  rami  to  the  rectus  abdominis 
and  pyrainidalis.* 

Eadi  interoostal,  being  a  mixed  nerve,  contains  motor  fibeis  which  form  muxular  rami  inner- 
vating the  intercostal  muscles  (including  the  subtostalcs,  transversus  thoracis,  and  levatores 

costariim)  and  also  the  two  serrati  posteriorcs.  In  addition  they  give  branches  to  the  skin  of 
the  thorax,  the  inferior  ones  also  to  the  skin  of  the  abdomen,  along  two  distinct  lines,  one  anterior 
and  one  lateraL 

The  lateral  cutaneous  ram  (Figs.  559  and  594)  are  known  acoordmg  to  the  levd  at  which 
diey  appear  as  pectoral  or  abdominal  cutaneous  ramit  and  pass  between  the  digitations  of  the 

serratuf;  anterior,  or  in  the  alxlomen  between  the  fibers  of  the  obliqiius  extemu«=,  and  divide 
each  into  an  anterior  and  a  poslrrior  ramus.  The  anterior  rami  of  the  {iecloral  branches  pass 
to  the  lateral  portion  of  the  skin  of  the  thorax,  ihc  posterior  to  the  skin  of  the  back,  the  anterior 
branches  of  the  fourth  to  the  sixth  nerves  giving  off  Zdleral  maiimaiy  ratui  to  die  mammaiy 
gland.  The  lateral  abdominal  cutaneous  branches  are  larger  than  the  pectoral  and  ramify  in 
the  skin  of  the  lateral  abdominal  region. 

The  anterior  cutanemis  rami  (Fig.  593)  may  be  also  divided  into  pectoral  and  abdominal 
rami.  They  arise  from  the  anterior  end  of  each  intercostal  nerve,  and  the  pectoral  rami  pierce 
the  pectoralis  major  with  the  perforating  branches  of  the  internal  manunazy  artery  near  the 
sternal  b(wder,  and  ramify  in  the  sternal  and  mammary  legioDs,  branches  from  the  fourth  to 
the  sixth  pass)n<T  to  the  mammary  ^and  (luedial  mammary  nerves).  The  aMominal  branches 
from  the  lower  intercostal  ncr\'es  penetrate  into  the  alxlominal  musrulat'.ire  and  su]))ily  the 
up|K'r  parts  of  the  rectus  aixlominis  and  parts  of  the  ilat  aixloniinal  muscles,  also  sending cutaneou:» 
branches  to  the  anterior  ]jart  of  the  skin  of  the  alxlomen. 

The  first  hitercostal  nerve,  most  of  which  goes  to  the  brachial  plexus  (medial  fasciculus),  has 
no  cutaneous  brandi.  The  lateral  cutaneous  branch  of  the  second  intercostal,  and  <dtea.  also 
that  of  the  third,  unites  in  the  axillary  fossa  with  ;hi  medial  brachial  cutaneous  nen'e;  these 
anastomoses,  which  are  with  a  blanch  of  the  medial  fasciculus  of  the  brachial  plexus,  betog 
called  intercostobrachial  nerves. 


The  five  UatAer  and  five  saat^  nerves  and  the  ecccygeal  nerve  are  suntlar  in  many  respects. 

Their  anterior  branches  form  a  common,  large  plexus,  the  lumbosacral  plexus.  The  short 
Inmks  of  the  lumbar  ner\'es  f>ass  through  the  inten'ertebral  foramina  of  the  lumbar  vertebrae, 
the  last  one  through  the  intcnertebral  foramen  between  the  last  liunbar  vertebra  and  sacrum, 
and  mciease  condderaUy  in  thickness  from  above  downward.  The  tnmks  of  the  sacral  nerves 
divide  while  still  within  the  sacral  canal  into  anterior  and  posterior  rami,  which  pass  out  separately 
throu^  the  anterior  and  posterior  sacral  fQnunina,t  >nd  usually  decrease  in  size  from  abo\'c 
downward,  $0  that  usually  the  fusty  more  rardy  the  second  sacral  nerve,  is  the  largest,  and  the 


TMB  LDBBAK,  SACRAL,  AND  GCXCYGBAL  NBRVB& 


*  TTir  ujiptT  [i.tri  .->f  thfsi'  niui-  Ii  1  s'lpplied  by  the  anterior  .ili<1riir.in'>l  rutancout 
t  The  weak  fifth  sacral  nerve  emerges  at  the  inferior  border  of  the  sacrum. 
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fifth  by  far  the  smallest.  The  vety  small  coccygeal  nerve  divides  at  the  level  of  the  coccygeal 
GOfnu  into  its  two  branches. 

Th«  Posterior  lUmi  of  tiiO  Lvubar,  Sacral,  and  Coccygoat  Nottm.— The  posterior 

rami  of  the  lumbar  nen-es  are  much  smaller  than  the  antLrior  ones.  They  resemble  fjjeatly 
the  [H^sterior  thoracic  rami  and  convey  motor  libtTs  for  the  lumbar  {orlions  of  the  deeper  muscle 
layers  of  tlie  back  and  sensory  tilKTS  lor  the  skin  of  ilie  lumbar  and  upper  half  of  the  gluteal 
jcgma.  Each  posterior  brandi  divides  into  a  medid  ramust  whose  sensoiy  fanoches  pass  to 
the  skin  of  the  lumbar  region,  and  a  lateral  ramus,  whose  sensoiy  branches,  eqiedally  those  (tf 
the  inferior  and  medial  lumbar  nerves,  pass  as  rather  strong,  partly  anastomosiI^;  branches 
arrows  the  iliac  crest  to  the  skin  of  the  uppor  half  of  the  gluteal  regioD,  and  are  known  as  the 
superior  cluneal  nenxs  (Fig.  719). 

The  posterior  rami  of  the  sacral  nerves  and  of  the  coccygeal  nerve  are  even  smaller  than  those 
<rf  the  lumbar  nerves,  and  are,  hideed,  the  smallest  posterior  rami  of  all  the  spmal  nerves.  Those 
of  tfie  upper  four  sacral  nerves  pass  throu^  the  fKtsterior  sacFsl  foramina,  and  in  ooatiast  to 
the  posterior  rami  of  the  thoracic  and  lumbar  nerN'e^;,  these  |)0>trrinr  sacral  rami  arc  purely  sensor}'. 
They  (li\idi'  into  small  medial  rami  to  the  skin  over  the  |K>slcrior  surface  of  (he  -aerum,  and 
somewhat  larger  lateral  rami,  which,  together  with  the  posterior  rami  of  the  lower  lumbar  ner\'C5, 
form  the  MtdStfie  cluneal  ntrves.  These  pierce  the  origms  of  the  f^uteus  nuudmus  and  supply 
a  part  of  the  dnn  of  the  luteal  region.  The  posterior  ramus  of  the  coccygeal  nerve  takes  part 
in  the  formation  of  the  amatccygeal  nerves  (see  page  258). 

THE  LUMBOSACKAl,  PLEXUS. 

From  the  union  of  the  anterior  rami  of  the  lumbar  and  the  sacral  ner>es  a  strong  plexus 
is  fonned,  which  b  the  laigest  of  the  whole  body  and  is  known  as  the  htmbosacral  plexus  (Figs. 
715  and  716).  It  k  a^in  divisaUe  into  three  subdivisions,  the  temAor,  the  seertUf  and  the  pudenda 
plexuses,  and  finally  the  coccygeal  ncn  e  with  a  part  of  the  fifth  sacral  also  forms  a  small  coccygeal 
plrxus.  The  anterior  rami  of  the  last  lumbar  and  tlie  first  two  sacral  nerves  represent  the  largest 
roots  of  the  plexus.  They  enter  into  the  formation  of  the  largest,  or  sacral  plexus,  the  first 
two,  that  is  to  say  the  fifth  lumbar  and  first  sacral,  usually  strengthened  by  a  branch  from  the 
fourth  lumbar,  uniting  to  form  a  very  large  nerve  con),  the  lumbosacral  inmk.  Toward  the 
first  lumbar  nerve  the  size  of  the  ranu  decreases  sk>wly,  but  toward  the  fifth  sacral  quickly,  so 
that  the  latter  is  vcrj'  weak  and  the  anterior  ramtis  of  the  fourth  sarral  nerve  aKo  is  of  very  small 
size.  The  anterior  rami  of  all  these  nerves  communicate  with  the  corresponding  sympathetic 
ganglia  by  rami  communicantcs. 

TKB  IVUMR  PtEXUS. 

The  himhar  phxus  715  and  716)  is  formc^l  by  the  union  of  the  anterior  rami  of  the 

first  U)  the  fourth  lumljar  nerves,  the  anterior  rami:-  of  ihe  la-f,  ho'.vever,  usually  not  entering 
completely  into  the  formation  of  this  plexus,  which  lii-s  panly  Ixhind  the  jisoas  major,  but  for  the 
most  part  between  its  bundles.  The  branches  of  the  plexus  are  distributed  partly  to  the  abdomi- 
nal  wait  and  partly  to  the  lower  extremity,  the  largest  nerve  of  the  plexus,  the  femoral,  extending 
by  its  tenninal  branches  to  the  foot.  The  main  nerves  of  the  plexus  lie  behind  the  parietal  peri- 
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Fig.  716. — The  nencs  of  the  iumbor  plexus  and  the  blood-vessels  of  the  posterior  abdominal  wall. 
All  the  abdoouul  viKcn  have  b«»  removed  and  the  ttopiUrcd  bnuichet  of  the  »h<k>miiml  ucu  «nd  the  icaal 
arteries  cut  amy.  The  left  aumnoa  iliac  artery  tad  vein,  with  the  proxiaottl  portion*  at  their  Imuiche*,  have  been 
removed,  iQ^tber  villi  the  greater  portioa  ol  the  {MM  ina|or,  to  abow  the  formttioQ  of  the  liimbar  pksua.  *  ^  Paoaa 

minor. 


toneum  and  the  kidneys,  in  front  of  ihe  |>soas,  quadratus  lumborum,  and  iliacus.    Only  the 
obturator  ncr\'c  run.s  through  the  true  pelvis.   In  addition  to  muscular  rami  to  the  psoas  major 
widiniiioraiidtotheqiiadiatushinto 
plexus: 

1.  The  iliolqrpofftstric  nerve  (Fig.  716),  of  moderate  size,  and  containing  both  sensory 

and  motor  fibers,  arises  from  the  first  lumbar,  but  usually  receives  a  contribution  from  the  last 
intercostal  nerve.  It  generally  pierces  the  upper  part  of  the  psoas  major  and  then  courses 
behind  the  kidney  and  the  parietal  peritODeiiin,  nmnuig  obliquely  across  and  downward  upon 
the  anterior  surface  of  the  quadratus  lumborum,  and,  above  the  iliac  cret,  it  pkfces  the  trans* 

versus  and  terminates  between  the  flat  abdominal  muscles  which  it  supplies  by  its  mwailar  ram. 

In  addition  to  tht  >e  the  non  e  p\  es  off  two  main  hranrht^:  tin-  lateral  ( utane&tts  ramus  (Fig.  719) 
which  pierces  the  posterior  part  of  the  external  oblique  muscle  abo\e  thr  iliac  crf>t  and  [jasses 
to  the  skin  of  the  hip  region,  and  the  aniei  ior  cuUimous  ramus,  which  pierces  the  aponeurosis  of 

the  extemal  oUique  musde  above  the  external  abdommal  ting  and  passes  to  the  neighboring 
portions  <A  the  abdominal  integument  and  to  the  m<ns  pubis. 

2.  The  ilio-inguinal  nerve  (Fig.  716)  is  also  a  mixi-d  ner\'e,  but  is  weaker  than  the  pre- 
ceding and  inconstant,  beinc;  oftt  n  replaced  by  it.  It  al<o  ari«{s  from  the  f)r«t  lumbar  nene. 
pierces  the  psoas  major,  and  passes  almost  parallel  to  the  iliohypogastric,  across  the  anterior 
medial  surface  of  the  iliacus  to  die  region  of  the  anterior  supemr  spme  of  the  ilium.  Here  it 
traverses  the  dat  abdominal  rousdes,  ^ving  brandies  to  diem,  courses  throuj^  the  higuhud 
canal,  and  passes  out  through  the  extemal  abdominal  ring.  lis  sensory  branches  are  distributed 
partly  to  the  skin  of  the  mon^  pubi-  (Fij^.  6oo>,  bt;'  e-[K  <  ially  :i>  the  anierior  scrotal  fin  the  female. 
lahial)nfnts  ilig.  s')' )  lo  ih<  ski  t\  of  the  root  of  the  penis  and  the  anterior  surface  of  the  soolum 
(in  the  female  to  ilie  labia  majora). 

3.  The  Uitafal  famocal  cuUnmrat  norve  (F^  600,  716,  and  719}  is  piu^ly  sensory  and 
arises  from  the  second  and  tluid  lumbar  nerves.  It  dtber  pieioes  the  psoas  major  or  appears 
at  its  lateral  bonier,  either  independently  or  with  the  root  of  the  femoral  n«ve.  It  passes 
oblifpioly  in  front  of  the  iliacus  to  below  the  anterior  superior  spine  of  the  iliimi,  where  it  pierces 
the  abdominal  wall  below  the  deep  circumflex  iliac  artcr)'  and,  piercing  the  fascia  lata,  becomes 
cutaneous  at  the  medial  side  of  the  origin  of  the  sartorius.  It  is  distributed  by  several  branches, 
some  of  which  are  long  and  ^rong,  to  the  skin  of  the  lateral  border  and  the  lateral  part  of  the 
anterior  surface  of  the  thigh. 

4.  The  genitofemoral  1  genitocrural)  nerve  fFig.  716)  i'^  aJso  a  mixed  nerve.  It 
arises  mainlv  from  the  second  lumbar  nen'c.  pierce';  the  p-oas  major,  and  courses  downward 

*  The  number  of  nerve*  of  the  plexus  is  frequently  diminLshfd  by  the  blending  of  the  itiohj'pogastric  and  ilio- 
ingniiial  nervee,  but  it  nay,  on  tlK  other  bun],  be  increaaed  hf  Ibe  two  liranchcaaf  the  feailafeiDOEal  Mmea  bciagiept* 
rated. 


Digitized  by  Goo  .^Ic 


blUrvoslal  nay*  XIL 


festltnlar 


Inf.  *fna  '<r*'  f*'  supttlor  mtttiiterft  0ri. 
.    cavax    ^^""J^;  ''"V!^  otiophagtaljyatai 


Uio-hyp^gastrte  mayt 


grnlt(y-femerat 
ntryt 

Uut-incuinal 
ngnrt 


cotliat  artery 

left  midiiU  taprartnal  art  fry  y. 

Uft  asctnding  lumbar  vein 

xoslat  portion  of  diaphragm. 

lam  bar  ressels  11 
intemstal  nerrt  XII 


Qaadrnlat 
lumbcrum 

tfmpathelit  trunk 

abdominal  aorta 
inf.  mesenteric 
art.  X 


m»<r.  branchet 
'if  lumbar  pteK. 

rU  common 
,  iliac 
ressels  X 


lumbar  artery 
IV 

Iliac,  branch  of 
iliolumbar  art. 

lumbosacral 
trunk 

Qbtarator  nerve 


mustular 
branches 

fiHo-Jnguinal 
nerve 

teral  femoral 
■ttaneoas  nerve 

•xt.  spermatic 
nerte  y 


Transversus 
abdominis 


RectuM 
Abdominis 


•temorml  nrrrl 
.        r  '  ner%  f 

7  .fc-  /— .„•     testicular  ras 

femor.  est-  lumbo  tngai 
tan.  nerte       nal  nerre 


fimoral  ntrrt 
•     .  external  Hi-  deep  circumflex 

_/       1.1. J  J..                          wmMmv"^-"  ly-*oi-  ac.  ttisets  iliac  vrtttls 

urinary  bladder  _^„_n/  fir.rrtt.  ■ 

.  WiilJnX  lamrtt  turn- 

vesuts  d./.re,."""„uidUtccralyesseh  b^r  vessels  iUo-lumbar  arter, 


left 
r«  deftrrmy 


Fig.  lit. 


Digitized  by  Google 


Digrtized  by  Google 


THE  NERVOl»  SYSTEM. 


akmg  it»  interior  surface  bcdde  the  tendoo  of  the  psoas  minor.  At  a  variable  levd  it  divides 
at  an  acute  an^  into  its  two  terminal  bnncbes. 

(a)  The  external  spermatic  nerve  (genital  branchy  (Eigs.  600  and  716)  is  the  lateral  terminal 
branch  of  ihi'  f^enitofemoral.  It  passes  obliquely  across  the  external  iliac  vessels  to  the  inguinal 
canal,  which  it  travcrbc&,  and  as  a  constituent  of  the  sjiermatic  cord  emerges  at  the  external 
abdominal  ring.  It  is  distributed  to  the  sheaths  of  the  spermatic  cord,  partly  also  to  the  ^rotum, 
and  supplies  the  cranaster  masde. 

(6)  The  lumbo'inguind  nerve  (emral  bratich)  (Fig.  600)  is  purely  sensoiy.  It  courses  Upon 
the  psoas  major  and  lateral  to  the  external  iliac  arten,-  to  tin-  inj^uinal  ligament,  below  which 
it  enters  the  thigh,  pierces  the  fascia  lata,  and  is  distributed  to  the  skin  of  the  subinguinal  region. 

5.  The  fouoral  (anterior  crural)  nerve  (Fig.  716)  is  by  far  the  largest  ncr\-e  of  the  plexus 
and  k  a  mixed  nerve,  as  are  also  laost  of  its  brandies.  It  arises  from  the  second  to  tiie  fourth 
lumbar  nerves  and  courses  down  in  the  groove  between  psoas  and  iliacus,  but  covered  by  the 
lateral  border  of  the  psoas  major,  gives  ofT  a  few  museiUar  rami  to  the  iliacus  in  the  false  pelvis, 
and  then  i>as«c«.  with  the  iliopsoas  through  the  muscular  lacuna  to  the  thip;h.  Reliind  the  inguinal 
ligament  the  nerve  lies  close  to  and  lateral  to  the  femoral  arter)',  but  se])aratecl  from  it  by  the 
iliopcctincal  fascia,*  and  just  below  the  inguinal  ligament,  in  the  lateral  part  of  the  iliopectineal 
foasa,  it  splits  up  into  its  terminal  brandies.  These  are: 

(a)  The  anterior  femoral  cutaneous  rami  (the  middle  and  internal  cutaneous  nerves)  (Fig. 
600)  are  from  two  to  four  sensorv-  branches,  which  pierce  the  fascia  lata  at  a  variable  height, 
})X\X  usually  al)Ove  the  middle  of  the  thigh,  and  supply  the  skin  of  the  ante  rior  and  mi'dial  surfaces 
of  the  thigh  down  to  the  knee.  One  of  the  branches  often  pierces  the  sanorius  before  passing 
through  the  fascia,  and  another  accompanies  the  femoral  portion  of  tlK  great  saphenous  vein. 

{b)  Musadar  rami  (Figs.  573  to  575)  to  all  four  heads  of  the  quadriceps  and  to  the  pec- 
tincus  and  sartorius.  They  may  be  divided  into  short  brandies  which,  even  in  the  iliotM^ciineal 
fossa,  approach  their  muscles  (]>ertineus,  sartorius,  rfr1iis>,  and  long  branches  to  the  vasti  ;ind 
j  arlly  also  to  the  rectus.  The  longest  courses  parallLl  to  the  following  nerve  and  to  the  femoral 
artery  ufxin  the  vastus  medialis  almost  down  to  the  knee-joint,  and  contains,  besides  the  motor 
fibers  for  this  muscle,  al»>  sensory  fibers  for  the  knee-joint. 

(c)  The  sapheiums  nerve  (Figs.  574,  575,  601,  and  730)  is  the  real  termmal  brandi  of  the 
femoral  nerve  and  is  by  far  its  longest  branch,  since  it  extends  to  the  foot.  It  accompanies  the 
femoral  artery  to  the  adductor  liiatti'^,  lying  at'first  lateral  and  then  anterior  to  it,  and  then  courses 
along  the  tendon  of  the  adductor  magnus  to  the  medial  surface  of  the  kiiGt*>joint.  In  the  region 
of  the  medial  condyle  of  the  tibia  it  pienxs  the  fascia  lata  near  the  tendon  of  tiie  sartorius 
and  passes  down  the  leg  subcutaneoudy,  dose  to  the  long  saphenous  vein,  to  the  medial 
border  of  the  foot.  Just  Ijcfore  it  becomes  subcutaneous  it  sends  an  injrapatcllar  ramus  to  the 
skin  of  the  medial  side  of  the  knee  and  the  neighlioring  ])Ortinns  of  th<-  leg,  this  branch  sometimes 
piercing  the  lower  end  of  the  ^anoriu';.  In  llu-  leg  il  -ends  numerous  branches,  the  mrilial 
crural  cutaneous  nerves  to  the  skin  of  the  mttlial  and  anterior  surfaces  of  the  leg  and  to  the  middle 
portion  of  the  calf. 

*  Since  tbit  (uda  teparatcs  the  lacunte  VMonim  and  mnaciilariUD  tlie  artoy  is  in  the  fint  and  the  oem  in  the 
latter. 
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Fig.  717.— The  nerves  and  vessels  of  the  posterior  gluteal  legjon  (deep  layer). 

The  gluteus  niaximus,  gluteus  medius,  quadrati;?;  femori%  and  tbe  tchtic  nerve  have  beea  divided.  *  ^  Mvacuiar 

branch  to  the  gctnellL        =  To  the  quadratus  fcmuris. 

Fk,  718.— Tbe  nems  and  vessds  of  tbe  popliteal  space  (superficial  layer). 


6.  The  obturator  nerve  (Figs.  568,  574,  575,  and  716)  is  principally  a  motor  nerse.  It 
arfees  from  the  seoood,  thiid,  and  fourth  lumbar  nerves  and  » the  only  ikerve  of  the  plexus  that 

omerg('s  at  the  medial  bolder  of  the  psoas,  behind  the  common  iliac  vessels.  It  mns  forward  and 
downward  to  the  obturator  canal,  just  below  the  linea  t<.Tminali>  on  the  upper  portion  of  the 
lateral  wall  of  the  true  pchis,  along  -..'ilh  the  obturator  artery,  but  lying  above  it.  It  traverses 
this  canal,  giving  off  muscular  branches  to  the  two  obturator  muscles,  and  immediately  after 
making  its  oit  from  the  canal  it  divides  into  its  two  tenninal  brandies.  The  miUHor  ramus  is 
stronger  than  the  posterior,  and  supplies  the  gracilis,  the  adductor  faxevfe,  the  adductor  longus, 
and  sometimes  also  (paitly)  the  pectineus.  Above  the  insertion  of  the  adductor  longus  its  sensory 
terminal  brant  li  appears,  pierces  the  fascia,  and  gives  off  a  culanfous  ramus  (often  double)  to  the 
skin  of  the  medial  side  of  the  thigh,  this  being  the  only  large  sensor}'  branch  of  the  nerve.  The 
weaker  posterior  ramus  gives  off-  fine  branches  to  the  capsule  of  the  hip- joint  and  supplies,  in 
addition  to  the  external  obturator,  the  addtictor  minimus  and  the  main  portion  of  the  adductor 
magnus. 

THh  SACRAl-  I'LtXUS. 

The  sofjol  plexus  (Figs.  568,  715,  716,  and  727),  at  its  origin,  is  not  sharply  defined  from  the 
pudendal  {dexus.  It  arises  mainly  from  the  very  strong  anterior  rami  ol  the  fifdk  lumbar  and 
the  first  two  sacral  nerves,  but  tluou^  the  lumbosacral  trunk  (page  399)  it  abo  receives  part 

of  the  fourth  lumbar  nerve  and  in  addition  a  large  part  of  the  third  and  (sometimes)  a  small 
part  of  the  fourth  sacral  ncr\c,  which  otherwise  contribute  to  the  formation  of  the  pudendal 
plexus.  The  sacral  plexus  is  the  strongest  plexus  of  the  whole  body.  It  hes  in  the  true  pelvis 
in  the  toem  of  broad,  flat  fasciculi,  converging  toward  the  greater  adatic  foramen,  lateral  to  and 
behind  the  hypogastric  artery  and  m  front  of  and  medial  to  the  piriformis  muscle.  Its  constituents 
usually  unite  in  the  region  of  this  foramen  to  a  siq^,  Hattennl,  broad  ner\'e  trunk,  the  nuin 
mass  of  \vhi(  h  enters  into  the  formation  of  the  lar;;cst  trunk  of  the  plexus,  the  sciatic  nenr.  Thf 
main  nia>--  of  the  plexu';  then  traverses  the  foramen  Ijelow  the  pirifornu-  1  infrapiriform  foranien\ 
the  superior  gluteal  nerve  alone  passing  llirough  aijovc  the  muscle,  and  it  supplies  all  parts  of 
the  lower  extremity  which  are  not  innervated  by  the  lumbar  plexus.  Its  branches  are: 

1.  The  superior  gluteal  nerve  (Fig.  717)  is  purely  motor.  It  arises  from  the  fifth  lumbar 
and  the  first  two  sacral  nerves,  gives  off  branches  to  the  juriformis,  and.  with  its ocnrespanding 
artery,  pas-i  -  thrnui^h  the  so-called  suprapirifonn  foramen  to  the  cjluteus  mcdius  and  to  the 
gluteus  minimus,  between  which  it  passes.  Its  ultimate  branches  terminate  in  the  tensor  fasciae 
latse. 

2.  The  inferior  gluteal  nerve  (Figs.  577  and  717)  is  also  purely  motor  and  also  arises 

from  the  fifth  limiljar  and  the  upi^er  two  sacral  nerves.  It  courses  with  the  main  part  of  the 
plexus  through  tbe  infrapiriform  foramen,  accompanying  the  conesponding  artery,  and  ramifies 
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m  th«  gluteus  maamus,  often  ako  in  the  internal  obturator  and  Uie  gemelli,  and  sometimes  in  the 

quadrat  us  fcmoris 

3.  The  posterior  femoral  cutaneous  (small  sciatic)  nerve  (Figs.  576,  717,  710,  and  720) 
is  sensory.  Jt  arises  from  the  lirst  and  second,  and,  lo  a  small  extent  also  from  the  third  sacral 
nerve,  passes  through  the  mfin^Mrifotm  fnramm  with  the  main  part  ol  the  plexus,  and  accooi' 
panics  the  sciatic  nerve  to  the  medial  (lower)  border  <tf  the  i^uteus  maximus.  Here  it  gives 
off  two  or  three  rather  strong  stems  which  wind  about  the  border  of  the  musdc  and  pass  to  the 
skin  of  the  lower  half  of  the  gluteal  rt<^;ion,  the  injerior  {lateral)  cluneal  nerves,  also  branches 
to  the  skm  of  the  perineum,  known  as  the  prrinatl  rami.  The  main  stem  pas<^es  from  the  inferior 
border  of  the  gluteus  maximus  verticaiiy  downward,  parallel  to  the  sciatic  ni.r\c  but  separated 
from  it  by  the  flexor  musdes,  and  becomes  the  cutaneous  nerve  lor  the  posterior  surface  of  the 
thi^  and  fw  the  popliteal  region.  It  is  subfascial  fiat  the  greater  part  of  its  couraei  not  subcu- 
taneous Hke  other  cutaneous  nerves,  and  it  sends  its  branches  through  the  fascia;  only  the  lower 
end  of  the  ncrvr  jias^int':  to  the  skin  over  the  popliteal  space  is  subcutaneous. 

4.  The  sciatic  nerve.  By  far  the  largest  part  of  the  sacral  plexus  enters  into  the  formation 
of  this  largest  (mixed)  nerve  of  the  body.  It  is  a  large,  and  at  first  a  flat  cord  a  good  centimeter 
wide,  and  passes  out  from  tiie  true  pdvb  into  die  posterior  hip  tegion  through  the  so-called 
infrapiriform  foramen.  Here  it  is  covered  by  the  gluteus  maximus  and  lies  behind  the  piriformis, 
the  internal  ohturator.  and  the  gemelli,  and,  a  L'ttle  further  down,  Ijehind  the  quadratus  fcmoris 
and  the  adduetor  minimus.  In  this  part  of  its  course  it  gives  off  separate  muscular  branches 
to  the  piriformis,  the  gemelli,  and  the  quadratus  femoris. 

On  the  posterior  surface  %A  the  thi^  the  sdatic  nerve  passes  almost  horiaontaUy  downward. 
Above,  it  lies  behind  the  adductor  magnus  and  in  front  of  the  orig^  of  the  flexors  (the  semi* 
tendinosus,  the  long  head  of  the  hioqia,  and  the  semimembranosus),  and  a  little  lower  down 
it  has  the  same  relation  to  the  adductor  mae^us  and  rests  on  the  anterior  surface  of  the  flexors, 
but  now  lying  in  the  groove  between  the  semitendinosus  and  semimembranosus  on  one  side  and 
the  biceps  on  the  other.  At  a  variable  level,  usually  about  the  middle  of  the  length  of  the  thigh, 
or  even  a  little  higher,!  it  divides  into  its  two  terminals,  the  larger  tibiai,  iierve  and  the  weaker 
peron«d  nerve. 

{■)  THB  TDIAL  NERVE. 

The  tibial  nmte  (Figs.  577,  579  to  581,  and  7x8)  is  the  larger  tenniiial  branch  of  the  sciatic 

and  contains  fibers  from  the  fifth  lumbar,  but  especially  from  the  first  to  the  third  sacral  nerves. 
It  continues  exactly  in  the  direction  of  the  trunk,  and  in  the  thigh  give?  off  mu^ndar  rami  to  the 
long  head  of  the  biceps,  the  semitendinosus  and  the  semimembranosus,  and  then  fmsses  diagonally 
from  above  downward  through  the  popliteal  fossa,  lying  lateral  to  and  behind  the  popliteal 
vein  and,  therefore,  nearer  to  tike  integument  covering  the  pop^teal  fossa  than  the  vein.  la. 
company  with  the  popliteal  vessels  it  then  enters  the  popliteal  canal,  and  after  the  division  of 
the  popliteal  artery  it  accompanies  the  posterior  tibial  artery,  Ijnng  on  its  lateral  surface,  between 

•Th<  ^irari.  liiS  to  these  muM  li-s  ijs-.iallv  arise  from  thx  Hrst  |,nrt  of  the  sciatic  ncrvo. 

tThc  diviijon  of  the  sciatk  nerve  really  takes  place  (ar  aUtve  llic  point  of  the  apporciil  sepiiration  uf  its  conslit- 

oeiiti.  Thus  is  explained  the  fact  that  the  nerve  any  emerge  fram  the  true  pelvit  already  divided,  in  which  caie  one 
part  often  pierces  the  piriCormia. 
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Fig.  719. — ^I'he  superficial  nerves  and  veins  of  the  buttock  and  of  the  posterior  surface  of  the  thigh. 

*     Amitomotk  vein  tmm  the  great  npheooui. 
F16.  7ao.— The  superficial  nerves  and  vdns  of  the  posterior  suifaoe  (rf  the  kg  (and  of  the  donum  of 
the  foot). 

**  —  Terminition  of  the  snail  i^ilieDoiu  in  the  popliteal  wio.  ***  —  Commodcation  with  deep  veioi. 

the  deep  flrxors  of  the  leg  (tibialis  posterior  and  flpxor  digitorum  longus)  and  the  soleus,  and 
descends  to  the  f(x)l.  With  the  artcr)'  it  p>asses  between  the  tendon  of  Achilles  and  the  mLflial 
nmlleolus,  lx.ing  covered  by  the  laciniate  ligament,  and  divides  in  this  situation,  u.>uaiiy  earlier 
than  the  artery  (page  71),  into  its  two  temunal  branches,  die  medial  and  lateral  plantar  nems. 
The  bra>u:he$  of  the  tibial  in  the  1^  are  as  follows: 

1.  Muscular  rami  (Figa.  579  and  581)  from  the  upi>er  part  of  the  nerve  to  the  triceps  sune, 
plantaris,  popliteus.  Other  muscular  hranehes  for  the  tibialis  posterior,  flexor  digitorum  longu? 
and  flexor  pollicis  longus,  and  partly  also  for  the  solcus,  are  given  otT  below  the  popliteal  canal,  and 
from  one  of  these  branches  a  fine  nerve  filament  is  given  oQ,  which  passes  along  the  posterur 
surface  of  the  intoosseous  membrane,  supplies  it,  as  wdl  as  the  two  bones  of  the  leg,  and  extends 
to  the  talocrural  articulation;  this  is  the  crural  interosseous  nenje. 

2.  The  vu'Jwl  sural  cutaneous  nerve  (commuuicans  poplitd)  1  Fig.  arises  from  the 
tibial  while  it  i^  still  in  the  popliteal  space.  It  runs  down  the  i  alf  in  the  groove  between  the 
two  heads  of  the  gaslrotncmius,  logeihcr  with  the  small  sapljcnous  vein;  at  about  the  middle 
of  the  length  of  the  leg  it  pierces  the  crural  fascia  and  tmites  with  the  anastomotic  peroneal  ramus 
(see  below)  to  form  the  surtd  {extertud  or  short  saphenous)  nerve.  This  accompanies  die  small 
saphenous  vein  to  the  dorsum  of  the  foot,  passing  between  the  lateral  malleolus  and  the  insertion 
of  the  ralraneal  tendon,  and  gives  ofT  la't  ra!  ciiUumral  rami  to  the  -^kin  of  the  heel.  UfK)n  the 
dorsum  of  the  foot  it  is  Icnown  as  the  lateral  culaneous  nerve  oj  ihc  dorsum  oj  the  jool,  and  ramii&es 
in  the  lateral  border  of  the  foot,  especially  the  dorsal  part,  anastomosing  with  the  intermediate 
cutaneous  nerve  of  the  dorsum  of  the  foot  (see  below),  and  terminates  as  the  lateral  (fihukr) 
dorsid  digital  nen-e  oj  ihc  fifth  digit  (Fig.  721). 

3.  The  medial  calcaneal  rami  (Fig.  -S^^  nri^r  behind  the  medial  malleolus  and  pass  to 
the  skin  of  the  media!  <ide  of  the  hee!  and  the  neigl'.boring  pnr?  of  the  ^ole  of  the  foot. 

Both  terminal  branches  oi  the  tibial  are  mi.\c-<l  nen-es  for  the  innervation  of  the  muscics 
and  the  skii^  of  the  sole  of  the  foot,  especially  the  skin  of  the  toes.  The  medial  plantar  nerve 
is  larger  dian  the  lateral  and  corresponds  almost  exactly  to  the  median  nerve  of  die  hand,  the 
lateral  plantar,  therefore,  coneqMjuding  to  the  volar  branch  of  the  ulnar  ner\'e  of  the  hand. 

4.  The  medial  plantar  nerve  (Figs.  584  to  5^^  at  fir-!  courses  with  the  corre«:ponding 
artery  above  the  adductor  hallucis  (that  is  to  say,  cohered  by  it  ),  supplies  it  and  the  llcxor  digit- 
orum brevis,  and  then  continues  onward  in  the  medicl  plantar  sulcus,  from  which  it  sends  several 
cutaneous  branches  to  the  plants,  of  the  foot,  and  then  passes  above  the  flexor  digitorum  brevis 
to  the  toes.  In  so  doing  it  gives  off  muscular  rami  for  the  fkxor  hallucis  bre^'is  and  the  two 
medial  lumbrieahs  and  divides  into  its  sensory  terminal  branches.  These  consist  of  the  medial 
{tibiul)  proprr  iHi^iliil  f/rnr  of  the  hnllux,  which  -e[)arates  earlv  from  the  main  stem,  and  of  the 
three  medial  common  plantar  digital  nerves,  which  course  Ixnculli  the  flexor  digitorum  profundus, 
at  first  ahme  and  then  in  company  with  the  conespanding  plantar'^metatajiial  arteries,  to  the 
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intervals  between  the  four  medial  toes,  and  here  each  divides  into  two  proper  plaiUar  MgUd 
nen'fs.   Th  us  the  medial  plantar  nerve,  like  ^e  median  nerve  of  the  baad,  gives  off  seven  proper 

digital  [ilantar  nen-cs. 

5.  The  laliral  platUar  nerve  (Figs.  585  and  586)  courses  with  and  medial  to  the  corresponding 
artery  obliquely  aoxMS  the  sole  of  iht  foot  to  the  lateral  plantar  sulcus,  lying  between  the  quadxatus 
pbaite,  which  it  supplies,  and  the  flearar  digitorum  bfev».  In  this  part  of  its  course  it  sends  a 
few  small,  cutaneous  branches  to  the  planta  and  divides  into  its,  two  terminal  branches,  which 

conrsjiond  to  (he  resjjcctivc  branches  of  the  volar  ramus  of  the  ulnar  nerve.  The  purely  sensorj* 
superficial  ramus  coniinucs  in  the  direction  of  the  trunk  and  forms  the  joitrth  common  plmUar 
digital  and  the  laterd  {fibular)  proper  digital  nerve  0}  the  filth  digit,  the  former  dividing  into  the 
two  conesponding  proper  plantar  digiUd  nerves.  The  deep  ramus  passes  with  the  phmtar  arch 
(see  page. 75)  into  the  depth  of  the  sole  and  is  almost  purdy  motor.  It  supplies  the  abductor 
digiti  V,  the  flexor  brevis  digiti  V,  the  opjwnens  digiti  V.  the  adductor  haUucis  (oblique  and' . 
transverse  heads),  the  plantar  and  dorsal  interossei,  and  the  two  lateral  lumbricales. 


The  permed  (extertud  popliteai)  nerve  (Figs.  577,  580,  583,  and  718)  fe  formed  by 

the  divi.sion  of  the  sciatic  nerve  at  about  the  middle  of  the  thi|^.  It  i»  the  weaker  terminal  branch, 
but,  like  the  tiliial,  i-  a  mixed  nerve.  Al  \'r>{  it  runs  almost  parallel  to  the  tibial  nvnx'.  then  passes 
.'ilon.i:  the  nie<lial  Ijonler  of  the  i)ieep<  femori-  through  the  lateral  part  of  the  |H-)pIifcaI  fossa, 
iii^d  then  behind  the  lateral  head  of  tiie  gastrocnemius  to  the  head  of  the  hbula.  Behind  this 
it  perforates  the  origm  of  the  jx-roneus  kogus  and  divides  into  its  two  terminal  branches  the 
superficial  and  deep  peroneal  nerves.  The  branches  of  the  conunoD  peroneal  are: 

1.  In  the  thigh,  muscular  rami  (Fig.  577)  to  the  short  head  of  the  biceps. 

2.  The  lateral  .<!ural  cutaneous  nerve  comes  from  the  trunk  m  tlic  poy)Ii}ea1  space,  pierces 
the  fascia,  and  ramillcs  in  the  skin  of  the  calf  and  the  lateral  side  of  the  leg  down  to  the  lateral 
malleolus.  A  strong  braodi  forms  the  penmed  anastam^  tamns,  which  unites  at  the  middle 
of  the  calf,  at  about  the  b^iiming  of  the  tendon  of  Achilles,  with  the  medial  sural  cutaneous 
nerve,  to  form  the  sural  nenc. 

3.  The  superficial  prroru  rj  (musculocuianeotis)  Tirn  r  (Fi'j^.  5S2  and  721)  passes  out  between 
the  two  hcr.fli  of  the  p'eroiieu-  lonj^iis,  sends  museuhir  rami  to  IjoiIi  jieroriei  nui>cle-i,  and  courses 
(Jtjwn  the  leg,  covered  at  lirsl  by  the  |>eroneus  brevis,  antl  in  the  lower  thini  of  the  anu  rior  surface 
of  the  leg  pierces  the  crural  fascia  to  terminate  as  the  principal  nerve  of  the  dorsum  of  the  foot, 
usually  dividing  into  two  branches.  These  are: 

(a)  The  medind'dorsid  cutaneous  nerve,  which  passes  to  the  medial  portion  of  the  dorsum  of 
till-  fo<jt.  It  anastomoses  with  the  ."saphonou?  nen'c  and  supplies  the  skin  of  the  dorsum  of  the 
foot,  fumi>hes  the  medial  (tibial)  dorsal  digital  nm'e  0}  the  hallux,  and  shares,  in  a  variable  manner 
with  the  following,  the  supply  of  the  adjacent  borders  of  the  tliird  to  the  fifth  toes. 

(b)  The  inlermediaie  dorsal  cutaneous  nerve  (Fig.  731)  anastmnoses  with  the  latoal  dorsal 
cutaneous,  innerv'ates  the  skin  of  the  dorsum  of  the  foot,  and  furnishes  dorsddig^tdnerves^  usually 
for  the  adjacent  borders  of  the  third  and  fourth,  and  fourtli  an<i  fiflli  \ov^. 

Thus  the  superficial  peroneal  supplies  the  medial  border  of  the  great  toe,  the  lateral  border 
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Flo.  72T.— 'I'hc  superficial  ncne-  and  vein?  of  the  dorsum  of  the  fooL 
*  Anastomosis  with  the  deep  veins  uf  the  dorsum  of  the  foot. 

Fig.  728. — lateral  view  of  the  nerves  and  arteries  of  the  second  toe. 
Fno.  793.— A  lateral  view  of  the  nerves  and  vessels  of  the  index  fingv. 


of  the  second,  both  borders  of  ilu-  ihird  and  fourih,  and  the  medial  border  of  thr  fifih,  tlu-  lateral 
border  of  the  last  heinji  supiitiid  by  ihr  sural  ncrxx-  isce  page  335),  and  the  adjacent  borders 
of  the  first  and  second  loc  by  the  deep  peroneal  nerve.* 

4.  The  dr'ep  peroneal  {anterior  HUd)  nerve  (Figs.  582  and  583)  is  mainly  motor.  Together 
with  the  superficial  penmeal  it  passes  out  between  the  two  heads  of  the  peraneus  longusj  then 
pierces  the  extensor  digitonim  lotigus  and  comes  to  lie  in  the  cntral  interosseous  space  upcm  the 
anterior  surface  of  the  interosseous  membrane,  lateral  to  the  anterior  tibial  arter}'.  Like  this 
it  lies  al  lirst  in  the  space  between  the  extensor  digilorum  and  tibialis  anterior,  then  between 
the  latter  and  the  extensor  hallucis.  It  gives  off  muscular  rami  to  all  three  muscles,  passes 
with  their  tendons  beneath  the  cruciate  ligament,  gives  off  fine  branches  to  the  ankle-joint,  and 
in  the  foot  sends  muscular  rami  to  the  extensores  halluds  and  digitorum  brevis.  The  sensory 
terminal  branch  of  the  nerve  accompanies  the  dorsal  artorj'  of  the  foot  along  the  region  of  the 
fir=;t  interO'^sTOUs  space,  and  after  anastomosing  with  the  medial  dorsal  cutaneous  ncr\-e,  di^'dos 
into  two  dorsal  digUal  nerves  for  the  lateral  border  of  the  great  toe  and  the  medial  border  of  the 
second  toe.* 

REVIEW  OF  THE  BOTOR  AND  SENSORY  FUNCTIONS  OF  THE  LUHBAR  AND  SACRAL 

PUiXUisES  IN  THE  LOWER  EXTREMITY. 

I nnrrviition  oj  Ike  MutcUs. 

L  Hip-muscles: 

Iliopsoas  ■—  lumbar  pkxus.  Glutaeut  miiximus  —  iHftrwr  gluteal  nerve  {satral  plexus),  dutaeus  mrdius,  ^lutaem 
minimus,  tensor  fascia  tat»  —  suprrior  giuteat  nerve  {saerat  pttteus).   OHurator  iulenua  (in  part),  gemeUi,  quad' 

r  itm  :ryn^'r{^  —  sciatif  uerve  t  (jDUMlf  pUsCUt), 

IL  Musics  uf  the  thigh: 

JSxInMiiir  guairietps  emrit,  tarMus,  petHmeus  Ow^dy)  as  fmor^  nerve  (tumtar  pleiems).  GmeiKs,  addtseUr 

Stnji^iif.  l>f\!iKru!  fpnrllv'',  .Tddurtor  Irrri^.  adductor  magnus  and  minimus  (larpi  (■,  1 ,  ohtur~i!or  iittt-rnn:  (parlh), 
oitlumiur  rxtrrnus  —  pbturator  ntri'c  (lumbar  flejcui).    StmilcnditwiUi,  scmimembranotuf,  long  iwad  oj  kicept, 
adductor  mapnu  (parQjr)  s  liMi/  mrw  (jseral  piexas).  Short  head  of  the  Heeps  =  common  peroneal  nerve  (saer4it 
pleXHs}. 
in.  MusriMt  of  the  leg: 

Tri'  i-py  ■.ura-,  phintaris,  poplilfut.  flexor  digilorum  longus,  flrxnr  huUucis  loiigus,  tibialis  posterior  ■  tibial  nerve 
(satral  plexus).  Feroncus  longus,  peroueus  brevis  —  superficial  peroneal  nerve  {sacral  plexus).  Tibialis  amierior, 
esdensor  kallueis  longus,  extensor  digUerum  longus  and  peronens  terHut  -  iup  peron^d  nerve  {savral  pUxua). 

IV*  Muscli's  of  the  foot: 

Dorsum  of  the  foot:    Jtleustv  hallucis  brci'is,  extensor  digitorum  brevis  —  deep  ptV^^mi  lurir  isaeral  plexus). 
Sole  of  the  foot:  Flexor  digilorum  brevis,  abduelor  hallueis.  fiexer  haliucis  bm-ist^ffa  lumhrieales  tt.  medial 
planlar  nen-e  (sacral  plexus^.    Quadratus  planttr,  adductor  hallufii,  abductor  digUi  V . 
fiexor  brevis  digiti  V,  opponens  digiti  V,  dorsal  iiderossei,  plantar  inleossti,  two  lum- 
brieatet  —  taterol  ptanlor  nerve  Isaeral  plexus). 

*  By  its  aittstomosls  with  th«  medial  dorsal  cutaneous  nerve  the  d<  cp  peroneal,  if  it  be  only  pcMJily  dcvclopol, 

mav  l)C  cxrludc'd  from  liolh  Ixjrdt-rs  of  thcM-  t<«-s,  the  mcfli.il  dorsal  rut.mcnus  replacing  it. 
f  Or  direct  branches  from  the  sacral  plexus  or  inferior  gluteal  nerve. 
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Innervatim  oj  the  Skin  Areas. 
SMngmhtl  rtgtim  =ibe  lmmho-4mgminaf  ntrvt  {tmmbtr  piexui).  AmUHm  fmarat  region  «s  mltrlfr  etUoMeoms  rami 

0]  the  femoral  nerve  and  partly  the  lateral  femoral  cutaneous  nerve  {litmki-ir  plexu<t).  Lateral  ffnutrjl  rf^ian 
lateral  jemoral  cutaneous  nerve  (lumbar  plexus).  Medial  jemoral  region  -~  anUrwr  rami  aj  the  jcmar^l  nerve  (Ixlow) 
entumus  rami  oj  the  obturator  {lumbar  plexus).  Gialtalniion  (lower  half)  —  tHjeri^nr  eluntal  nerves  {sacral  plexus). 
Padtritr  jemeral  npon  —  poOtrior  jemorai  cutanaoMa  imv*  {juarai  piexus).  Attteriar  region  of  the  kme  —anierior 
emtantMU  rami  of  femerat  mrve  and  infrafalMar  ramus  of  the  safhenous  nerve  (ttmibar  plexus).  Pesleridr  regiom 
o'l  thr  knee  —  posterior  jemor'jl  cuiiineous  nerve  {sacral  plexus^}.  A  nirrior  crural  region  ~  lateral  sural  cutaneous 
nerve  {sa^oi  plexus)  and  saphenous  nerve  (htmbar  plexus).  Lateral  crural  region  =  lateral  sural  ctUamoms  nerve 
[saeml  plesms).   Medial  emrai  region  =  saphenous  nerve  (lumbar  pksua).   Posterior  crural  region  =  lateral  and 

mfdial  ■iut.tl  culanfoii!  nerves  {sacral  plrxu'r),  partly  .ils<>  ihr  posterior  Jemoral  CK.'.JucKn-  nm-r  {mcral  plexus). 
Dorsai  regutn  oj  lite  /oot  saphenous  nerve  {lumbar  pkxus),  medial,  intermediait,  and  lateral  dorsal  cutaneous 
nerves  {satral  ple.xus).  Digilal  regions  oj  dorsum  oj  the  joot  =  in  or<]cr,  from  the  medial  to  tbc  lateral  border,  the 
nenes  are:  1.  Medial  (tibial)  dorsal  digUat  nerve  oj  hallux  from  the  medkA  dorsal  cutaneous  nerve,  a.  I^aleral 
(fibular)  dorsal  digital  nerve  oj  the  ikdHwr  from  deep  peroneal  nerve.  3.  Medial  (tibial)  dorsal  digital  nerve 
of  the  second  digit  from  the  deep  peroneal  nerve.  4.  Lateral  (f.bitlur)  nerve  oj  the  second  digit  from  the  medial  dorsal 
entamans  nerve,  5.  Medial  (tibial)  dorsal  digital  nerve  oj  the  third  digit  fnwi  the  medial  dorsal  cuUsneatu  nerve. 
«.  Lateral  {^Ibnbr)  dorsal  dif^  nerve  of  Ike  Mrd  digit  fnmlS»  intermedin  7.  Medba 

(tibial)  dorsal  digital  nrr-.  r  nj  thf  fcurlh  digit  from  dir  intftntfdiate  dorsal  cutaneous  nerve.  S.  Latfral  (fibular) 
dorsal  digital  nerve  oj  the  fourth  digit  from  the  intermediate  dorsal  cutaneous  nerve.  9.  Medial  (tibial)  dorsal  nerve 
of  lhaffik  digit  hem  lUta  intermediate  darsat  eniasieom  nerve,  to.  Laterai  (/^tikr)  dorsal  H^lai  mrw  «/lik«  fifOi 
digit  from  the  htrm!  dnrsr.!  rutanr/rus  nen^e.  All  dorsal  nerves  of  the  toes  ariie  from  the  lacral  pleRift;  the 
saphenous  iicrvc  Oui:i!)vir  (.jIcausi  rtache*  only  to  the  base  of  the  great  toe, 
Coieaneal  region  tibial  nen<e  (sacral  plexus)  and  sural  nerve  (sacral  plexus).  Plantar  region  =  tibial  nerve  (sacral 
plexus).  Plantar  digital  region  —  medial  and  lateral  plasitar  digilal  nerves  {sacral  plexus).  The  fint  furnbhe* 
•Bven  proper  plantar  digital  nerves,  the  last,  lhi«e.  The  mlddie  eight  arfae  hy  (he  forking  of  the  four  oamnMU 
plantar  i^ptil,  the  two  marpnal  directl]r  from  ^  huenl  and  awdial  trunk  naptoMy. 

THE  PUDENDAL  PLEXCIS. 

The  pudendul  piexus  (Figs.  568,  715,  and  727)  arises  mainly  from  the  anterior  rami  of  the 
louith  and  a  part  of  the  third,  usually  also  from  a  small  part  of  the  second,  sacral  nerves.  It 
is  usually  frequently  and  closely  connected  to  the  sacral  plexus  and  lies  Oti  the  posterior  surface 
<A  the  pelvis  and  the  lower  border  of  the  piriformis.  From  it  several  nen  cs  arise  for  the  jxrlvic 
viscera  and  cspcrially  the  pudendal  ncr\'e,  and  stron*^  anastomoses  conned  the  roots  of  the  plexus 
with  the  sacral  ganghon  and  the  hypogastric  plexus  of  the  sympathetic  nerve.  The  branches 
of  the  pudendal  plexus  are: 

I.  The  frndSfB  kemonhoidd  nerves  (Fig.  568)  to  that  portion  of  the  rectum  which  lies 
just  above  the  floor  of  the  pelvfa.  Thqr  unite  with  the  sympathetic  hypogastric  plexus  (see  befemr). 

•2.  The  injerior  veswai  nerves  pass  to  the  base  of  the  bladder;  ia  the  fmale,  vagimd  naves 
pass  lo  the  vagina. 

3.  Muicuiar  rami  to  the  muscular  floor  of  the  pelvis,  namely  to  the  coccygcus  and  levator  ani. 

4.  The  mahi  part  of  the  pudendal  plexus  forms  the  pudendal  nerve  (Figs.  568,  734,  and  735) 
which  passes  through  the  greater  sciatic  foramen,  below  the  piriformis,  accompanying  the  internal 
pudendal  vessels  and  with  them  passing  through  the  small  sciaiir  foramen  into  the  ischiorectal 
fossa.  In  its  further  course,  and  as  rejjarris  its  Ijraneius,  it  also  corresponds  to  the  internal 
pudoidal  artery.  It  terminates  as  the  dorsai  ncr\'e  of  the  penis  in  man  and  dorsal  nerve  of 
the  ditoris  in  woman,  and  a  sensory,  cutaneous  branch  of  the  nerve  usually  (neroes  the  sacrotuber- 
ous  Ugamcnt  and  wuids  about  the  medial  border  of  the  gluteus  maajmus  (near  its  origin)  to  the 
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Fig.  734. — The  nerves  and  vessels  of  the  male  perineum. 

Upon  thf  left  side,  the  sui>erfirial  perineal  n-.usrul.iture  has  liern  rx|K>si<I  and  the  isrhiorccUll  fat  removrfl.  ujxirt 
the  right  the  transversus  perinei  supertidalis  has  been  divided,  the  urogenital  diAi^hragnt  incised,  and  the  ischiocavernosus 
dninratU|^7  tooneaide.   *  as  BifiiratioB  of  internal  ptidk  artery  into  the  perineal  and  penile  wteriei. 

Fin.  735. — The  ncn-p^  and  of  the  female  perineum. 

Vyua  the  right  side  the  buUxx  Avcrnosus  has  been  partJy  removed  and  the  vestibular  bulb  exposed,  the  transversus 
perinei  supcrficialis  divided,  and  the  urogenitil  diaphragm  indicd.  **  sr  The  ai%in  of  the  internal  podic  Teto  from 
Ibe  vestibular  bulb  (vena  bulbi  veatibuli). 


skin  of  the  buttocks  fonning  the  injerior  miM  dummt  nerve.  The  remaining  branches  of  the 
pudendal  plexus  arise  in  its  course  thraui^  the  fachiorectal  fossa  and  are: 

1.  The  tH^rior  hemorrhoidal  nerves  arise  usually  from  the  reticular  first  portion  of  the 
ncne  .md  pass  through  the  ndi]x>>e  tissue  of  the  ischiorectal  fossa  to  the  external  sphincter  ani 
and  to  the  skin  of  the  anal  region. 

2.  The  perineal  nerve  represents  the  superlicial  terminal  branch  of  the  pudendal  ncr\'e. 
It  traverses  the  ischiorectal  fossa  lying  medial  to  the  main  stem  and  nearer  to  the  perineal  integu- 
ment»  and  then  passes,  under  cover  of  the  supofidal  transverse  perineal  muscle,  mto  the  groove 
between  the  bulbocavemosus  and  ischiocavemosio.  It  is  distributed  to  the  skin  of  the  anterior 
part  of  the  anal  region,  and,  together  with  the  yiorineal  rami  of  (he  posterior  femoral  culaneou.^ 
nen  e,  it  supplies  the  skin  of  the  jjcrineum,  the  bulbocavemosiis,  the  ischiocavemosus,  the  superfi- 
cial, and  in  part  the  deep  transverse  perineal  muscles,  also  the  anterior  portion  of  the  external 
sphincter  ani.  It  tenninatcs  in  the  posterior  scroUd  Qahial)  nervesj  which  supply  the  posterior 
half  of  the  skin  of  the  scrotum  in  the  male,  of  the  labia  majora  and  the  vestibule  of  the  vagina 
Ul  the  female* 

3.  The  real  (deep)  terminal  branch  of  the  pudendal,  the  dflracil  nenr  of  the  penis  (dilnris) 
(Figs.  508  and  571)  accompanies  in  man  the  donjal  arter)'  of  the  penis,  and,  lying  laterally  to  it, 
passes  forward  along  the  donum  of  the  organ  to  the  gUins  penis,  where  it  ramifies  in  the  skin  of 
the  penis,  die  [Hrepuce,  and  cspectally  fhe  glans.  In  the  female  the  nerve  is  much  smaller,  but, 
as  nerve  of  the  clitoris,  has  a  covrespondhig  course. 

THE  OOOCVCSAL  FLBZUS. 
The  coeeygetA  flexus  is  by  far  the  smallest  plexus  in  the  human  body.  It  is  made  up  mainly 

of  thi  anterior  rami  of  the  fifth  sacral  and  of  the  coccygeal  nerves,  and  immediatdy  succeeds 
the  pudendal  plcxus,  lying  on  either  side  of  the  lower  end  of  the  sacnim,  on  the  '^acrrNpinous 
ligament  and  roccygeus  muscle.  It  receives  «vmpathctic  fibers  from  the  Io\ver  sacral  and  the 
coicygeal  ganglia  of  the  sympathetic  ntrvf,  aiul  gives  origin  to  a  few  small  nerves  which  are 
known  as  <moatceygetd  nerves  and  pass  partly  to  the  posterior  ix>rtion  of  the  levator  ani,  but  mainly 
to  the  skin  in  the  nei^borhood  of  the  coccyx  (page  239). 

THE  SYMPATHETIC  NERVOUS  SYSTEM. 

The  sympathetic  nervous  system  pre^eni-  a  distinct  contrast  to  the  cranial  and  spinal  nerves, 
as  well  as  to  the  whole  central  nervous  system,  in  that  it  includes  mainly  the  visceral  and  vascular 

*  Thus  the  posterior  half  <A  the  external  genitals  is  supplied  by  the  pudendal  plexus,  the  anterior  by  the  lumbar 
ptexw  (llio>ingiijnil  nerve,  page  sjo). 
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THE  NERVOUS  SYSTEM. 


nerves,  and  although  it  has  manifold  communications  with  the  cerebrospinal  system  it  represents, 
to  a  oeftain  extent,  an  ind^Modent  system.  It  is  composed  of  a  number  of  independent  centers 
which  form  a  chain  on  either  side  <rf  the  vertebral  column,  the  successive  coiters  being  united 

by  short  nerve  cords.  The  structure  so  formed  is  known  as  the  sympathetic  trunk,  and  the  gangUa 
inserted  in  its  course  arc  the  ganglia  of  the  sympathetic  trunk  (Figs.  551,  69-^,  736,  and  727). 

The  ganglia  of  the  sympathetic  trunk  are  connected  with  the  neighboring  cerebrospinal 
nerves  1^  rmij  ««mimmfe8fifr«,  thnni^  whidi  the  ceiebrospkial  nerves  reodve  sympathetic 
fibersi  and,  conversdy,  cerebrospinal  fibm  enter  the  sympathetic  nervous  system,  there  being 
thus  a  mutual  anastomosis.'*' 

From  the  gan<;lia  of  the  sympathetic  trunk  the  branches  of  the  sympathetic  nervmi?  system 
arise.  Thc-y  ditTLT  from  thr>si'  of  the  cerebrospinal  system  in  many  respects,  being  in  the  first 
place  of  a  grayish-white  color,  not  pure  while  like  the  latter,t  since  they  consist  mainly  of  non- 
meduUated  nerve  fibers,  and  furthermore,  they  rarely  have  a  straj^t  course  and  they  form  long 
branches*  Much  oftener,  ahnost  without  exccptioo,  they  form  sympathetic  plezuses  which, 
especially  in  the  region  of  the  head,  extend  along  the  blood-vessels,  and  especially  the  arteries, 
cprchrospinal  fiber?  having  a  part  in  the  formation  of  the  plexuses  intended  for  the  viscera  of 
the  thorax  and  abdomen,  imbedded  in  these  sympathetic  plexuses,  especially  the  visceral  ones, 
arc  numerous  ganglia,  some  of  which  are  ver>'  large  and  Others  microscopically  small;  they  arc 
Imown  as  gam^ia  of  the  sympalhelk  ptaeuses  and  again  ^ve  rise  to  qmpathetic  fibears.  Many 
small  microscopic  ganglia  may  also  be  found  in  the  organs  themselves  (heart,  eye,  intestines). 

The  mpathetic  fibers,  like  tho-^c  of  the  CLrebros[)inal  system,  arc  partly  motor  and  partly 
saisory,  and  the  system  supplies  practically  the  entire  nonstriated  musculature  of  the  body,  t 

THE  SmPATHETIC  TRUNK. 

The  sympaUtdk  trunk  (Figs.  538,  587,  716,  726,  and  727)  is  a  paired  structure  restmg  upon 
the  anterior  (ventral)  surface. of  the  vertebral  column,  almost  parallel  to  the  median  plane.  Each 
trunk  consists  of  a  number  of  ganglia  arranged  at  rather  regular  intervals,  and  united  into  a  chain 
by  usually  short  connecting  cords.  Since  the  sympathetic  trunk  ganglia  develop  as  outgrowths 
from  the  spinal  ganglia,  the  number  of  the  former  should  typically  agree  with  the  latter,  that  is 
to  say,  a  s)'mpathetic  tnmkr  ganglion  should  occur  at  the  level  of  eadi  vertebra.  Throughout 
the  greater  part  of  the  trunk  such  an  arrangement  occurs,  a  marked  de\iation  ftom  it  being 
found  only  in  the  neck,  where  several  ganf^ia  blend  to  form  an  especially  large  superior  cervkd 

•  (Ttie  fibers  wlikh  pui  fnmi  the  oerefarasptml  system  to  llie  sympttlietic  gsngKs  are  medulltled  umI  form  wfttto 

rami  rommuniccivte^.  ■nhilr  Xhrnt-  pn«i^iTiR  from  the  sympathetic  ganglia  to  the  <cr<hro»jiinal  nerves  are  n<)ntnr(lullate<l 
ami  an-  kn<r,vn  as  gray  rami  tommunicanies.  The  Litter  pass  to  the  roots  of  praclirally  ail  the  Sjiinal  nerves,  liut  the 
white  rami  are  given  off  only  by  the  thoracic  and  first  and  second  lumhar  snd  second  and  thir.i  .,r  third  arn!  fourth 
Mcrsl  wgiaai  nerves.  The  white  rsnii  fibers  do  nut  neccaurily  terminate  in  connection  with  the  cdls  of  the  trunk  gan- 
^ioa  with  which  they  first  come  Into  coanectinn,  bat  msy  psss  these  and  terminate  in  a  higher  or  lower  ganglion,  or 
even  in  one  of  the  ganglia  of  the  sympathetic  plejiuse*. — Kn.] 

t  Several  sympathetic  ncrses,  such  as  the  greater  splanchnic,  have  relatively  numerous  medullated  fibers,  and, 
tiwTCfore,  rewmUe  tlie  cerebrospinal  nerves  in  color. 

J  [It  is  [ir')ti.\1)t(  lluit  \\\f  •.{■niorv  fih^rs  rtintninrfl  in  sympathetic  nervt  <;  arf  really  cerebrospinal  filx.'rs  frtmi  the 
postcnor  root  ganglia.  The  fibers  which  have  their  origin  from  the  cells  of  the  sympathetic  ganglia  are  all  iKMuneduUated 
and  pus  citber  to  ^and  tlMue  or  to  oooMriped  muscle  (also  to  the  hcmt  nuKttUture).— Ed.] 
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ganglion,  which  represents  the  upper  end  of  the  entire  sympathetic  trunk.  The  lower  end  of 
the  tnink  is  formed  by  the  coccygeal  ganglion^  situated  at  the  level  of  the  oQccjrx;  it  is  very  smaU, 
and  in  contrast  to  all  the  other  ganglia  of  the  trunk  is  unpaired,  the  trunks  of  the  two  sides  uniting 
in  it.  In  correspondence  with  tl^o  divisions  of  the  vertebral  colunm,  eervicalf  tkofockf  hmbart 
sacral,  and  cocryi^rtil  ^mt^i^lia  may  be  rpcoj^izfd.* 

Each  trunk  ganglion  is  connected  to  the  spinal  ne^^'es  by  the  communicating  rami  (see 
above).  SimQar  rehtions  also  exist  with  the  cerebial  nerves,  some  of  which  have  oonncctioDS 
with  the  supraior  cerxical  ganglion.t 

The  sympadietfc  nerves  may  be  divided  into  cefkdkf  cenncal,  ihorackt  <U>domiml,  and  (>elvic 
portion!;.  The  nrrv-O'?  of  ihi'  teijhalir  portion  have  no  inrlt  [H-ndt*nt  rontpr«,  fnii  ari-c  from  tlie 
upper  end  of  the  cerv  ical  p^,  and  the  abdominal  and  pelvic  portions  arc  intimately  connected. 

THE  CBPHAUC  AND  CERVICAL  PART  OF  THE  SYMPATHETIC  NERVOUS  SYSTEM. 

The  cervical  portion  of  the  sympathetic  trunk  (Figs.  551  and  693)  has  only  three  ganglia; 
from'  fhc<:o  not  only  arc  the  jicripheral  branches  of  the  cervical  portion  of  the  system  derived^ 
but,  from  tlif  supin'or  om-.  al>o  those  of  the  cephalic  [lortion. 

I.  I  he  mpcrior  cervical  ganglion  is  by  far  ihe  largest  trunk  ganglion,  and,  with  the  exception 
of  the  cceliac  gangUon  of  the  abdominal  portion  <tf  the  system,  is  the  largest  sympathetic  ganglion 
of  the  body.  It  is  dongated,  sfdndk-^haped,  pomted  above  and  bdow,  and  widbtt  at  its  middle^ 
but  its  width  is  scarcely  one-third  of  its  length,  and  it  is  situated  behind  the  internal  cuotid  and 
in  front  of  the  sui)erior  end  of  the  longu^^  capitis,  at  the  level  of  ?hc  tran<;versc  processes  of  the 
first  to  the  t)iird  cervical  vertebra;.  I'rom  its  upper  end  the  internal  carotid  m'nr. arises,  the 
principal  nerve  of  the  cephalic  portion  of  the  sympathetic  system,  while  its  lower  end  gives  origin 
to  a  long,  communicating  brandi  to  the  middle  cmncal  gangUon, 

The  middle  cenncal  gan^ian  is  always  much  smaller  than  the  superior,  but  is  usually  con- 
stant. However,  it  is  sometimes  entirely  absent  antf  is  muc  h  more  variable  in  its  relations  than 
(lie  oiliLT  two.  It  is  of  a  round  or  oval  shape  and  is  situated  at  th.c  kvel  of  the  sixth  or  seventh 
cervical  vertebra,  somewhat  distant,  therefore,  from  the  superior  ganglion,  and  at  the  upptr 
or  lowo-  border  of  the  thyreocervical  trunk  or  the  inferior  thyreoid  artery  itself,  generally  a 
little  above  the  highest  point  of  the  arch  of  the  subclavian  artery. 

The  injerior  cen'ic<il  g<uii^lion  is  usually  larger  than  the  medi^  one,  often  even  double  Its 
si/re.  and  of  a  flattened  tnal  shape.  It  lie^  behind  the  subclavian  arterv'  close  to  the  orijjin  of 
the  vertebral  artery,  just  above  the  first  thoracic  ganglion,  with  which  it  frequently  blends  to 
form  a  single  large  ganglion.  With  respect  to  the  vertebral  colunm  it  lies  in  such  a  position  as 
to  correspond  to  the  transverse  process  of  the  seventh  c&nical  vertebra  and  the  neck  of  the  first 
rib. 

That  j)art  of  tht-  -ymjiathetic  trunk  which  is  not  2:anc;Iionir  and  unite--  the  three  cervical 
gangha  is  a  round,  but  rather  thin,  nerve  cord  lyint;  in  front  of  tlie  lonf:u>  colli  and  the  prevertebral 

*  The  number  oi  sympathetic  ganglia  is  not  (|uitc  constant.  Sometimes  an  accessory  ganglion  occurs,  or  a  normal 
«oe  may  \>t  divided  into  two  pam. 

t^rcrtn'n  tjanplin  in  the  head  rcgi»)n,  such  as  the  Hlinrv,  «ThrnnTOlnlinr,  ntir,  nnd  sul»maxil!.irv,  must  he  rcg.irdi  d 
as  sympathrtic  gangly,  and  some  of  the  (ibcrs  passing  to  them  from  the  cerebral  nerves,  such  as  the  chorda  t^'mpani 
fiber*  INUfliag  10  ilic  nilKmudiiiury  fgaiffioia,  muat  be  regmtM  as  eqoivalent  lo  wiiite  mmi  fibers.— Ed.] 
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lamina  of  the  cen'ical  fascia,  behind  the  large  cervical  vessels,  especially  the  common  or  internal 
caioUd  artery,  according  to  die  l«vd  at  whidi  it  is  examined.  That  part  which  unites  the  two 
ktwtr  iEan^ay  which^  quite  dose  to  one  aaottier,  is  very  short  and  divules  mto  two  parts, 
wtfchswnmnd  the  subclavian  artery.  The  posterior  part  is  shorter  and  thicker  than  the  anterior 
one  and  passes  from  thi'  middle  ganglion  downward  and  bnckward  to  the  inferior  panplion,  which 
lies  at  a  somewhat  deeper  leveL  The  anterior  part  is  thin  and  much  longer  than  the  posterior; 
it  passes  in  front  of  the  subclavian  artery,  winds  around  its  anterior  inferior  surface,  and  behind 
it^a^iin  ascends  to  the  inferior  cervical  ganglion.  The  deliaite  loop  by  which  the  sufaclavua 
is  thttt  sunoundcd  is  termed  the  jwfcto^' tfitjtf  (anaa  oi  Vieussens)  (Fig.  736).  " 

THE  PERIPHERAL  BRANCHES  OF  THE  CEPHALIC  AND  CERVICAL  PORTIONS. 
From  the  superior  cervical  ganglion  arise: 

I.  Rami  <»mmunicay|itesjgray)  to  the  &8t»  second,  third,  and  occasionally  also  to  thejbnith 
cervtoyjierves,  and  brandies  to  the  hypoglo^aL 

3.  The  jupAar  nerve  (Fig.  693),  a  communication  between  the  ganglion  and  the  gan^on 
nodosum  of  the  vagus  and  the  petrosal  gangjUan  of  the  glossopharyngeal.  Both  branches  may 

have  independent  courses. 

3.  The  interml  carotid  nerve  (Figs.  693,  685,  and  689)  arises  from  the  upper  pointed  end 
of  the  ganglion  and  repcesents  the  direct  conttnuation  of  the  sympathetic  trunk  to  the  head. 
Passing  along  the  ]X)sterior  medial  surface  of  the  internal  carotid  artery  it  passes  into  the  carotid 
canal  and  forms  the  im[)ortant  internal  carotid  plexus  (see  below). 

4.  The  external  carotid  nerves  are  several  delicate  fibers  which  form  the  much  weaker  external 
carotid  plexus. 

5.  The  laryngopharyngeal  rami  (Hg.  693),  the  majority  of  which  arise  as  relatively  strong 
biaxiches  from  the  superior  cervical  ganglion,  together  with  the  vagus  and  gjossophaiynf^ 
nerves,  form  the  ph^jqaigcajl  plexus.  Several  branches  may  also  pass  with  the  superior  laryngeal 
nerve  to  the  lamyx,  while  others  form  iivs  small  aseen^ng  pharyngeal  plexus  along  the  ascending 

j^aryngcal  artcr}'. 

6.  The  superior  cardiac  nerve  (Fig.  693)  arises  from  the  inferior  border  of  the  superior 
^^on  and  for  a  short  distance  accompanies  the  sympathetic  tnmk  itself,  lying  medial  to  it. 
Often  k  divides  into  several  anastomosing  branches.  It  unites  with  the  cardiac  branches  of 

the  vagus  and  helps  to  form  the  cardiac  plexus. 
From  the  middle  cervical  ganglion  ari«c! 

I.  The  middle  cardiac  nen<e  (Fig.  093},  which  consists  of  several  reticularly  connected  tibcrs, 
and  panes  doiwn  the  medial  posterior  surface  of  the  subclavian  artery  (on  the  ri^^t  side  the 
innoodnate  artery)  to  the  arch  of  the  aorta,  and  ends  m  the  cardiac  plexus. 

3.  Fine  branches  to  the  common  carotid  plexus. 

3.  Rami  rnrnr^iin'rait.'    [t  vi  Fm^.  726)  to  the  fourth,  fifth,  and  sixth  Mrvical  nerves. 

From  tlu-  inferior  cervical  ganglion  arise: 

1.  Rami  communicantes.  (gray)  to  the  sixth  lo  ihe  eighth  cervical  nerves  and  partly  also 
to  the  fast  thoredc  nerve. 

2.  The  inferior  cardiac  nerve  is  usually  stiengtheM^tby  a  brandi  from  the  first  thoracic 
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ganglion  (the  lowest  caidiac  nerve),  and  is  connected  wiUi  the  middle  cardiac  n(^e,  as  well  as 
with  the  caidiac  bnmcLof  the  f^axncat  nerve,  and  togedier  with  them  passes  to  the  caidiac 
plexus  (see  below). 

3.  Delicate  branches  to  the  subclavian  plexu$  (see  bebw). 

THE  PLEXUSES  OF  THE  CEPHALIC  AND  CERVICAL  PQRTXONS. 

1.  The  Internal  carotid  plazos  (F^  679,  685,  and  689),  in  the  form  of  a  wide-meshed 

plexus,  surrounds  the  internal  carotid  arter}'  in  its  course  through  the  carotid  canal  and  the  cav- 
ernous sinu-,,  thr  part  lying  in  t!u-  >inus  being  .>ome\vhnt  narrower  mesln-d  and  knowTi  as  the 
cavernous  plexus.  During  the  course  of  the  plexus  an  o<(asional  small  ganglion  is  inserted 
(carotid  ganglion).  From  the  plexus  branches  arise  which  communicate  with  the  cerebral  nerves 
and  also  a  number  of  other  snudler  plexuses  of  the  head.  These  branches  and  plexuses  are: 

(a)  The  superior  and  inferior  caroHcotympimie  lurpes,  whidi  pass  to  the  tympanic  plexus 
(page  207). 

(6)  The  deep  petrosal  nerve ^  which  passe?  to  the  si)henopalatine  ganglion  (see  page  aoo). 

(c)  Fine  branches  to  the  semilunar  ganglion  of  the  trigeminus. 

(J)  Communicating  branches  to  the  abducens,  often  also  to  the  oculomotor. 

(e)  Plexuses  which  accompany  the  cerebral  vessels  (fiexvaes  of  Ike  anUrior  cerdndt  the 
waddle  cerebral,  and  chorioidal  arlerics). 

{[)  The  ophthalmic  plexus,  which  penetrates  into  the  orbit  along  the  ophthalmic  artery. 

f^')  The  ^sympathetic  roots  of  the  riliiiry  f^ani^lioit  i  page  iq81,  which  pass  partly  indeix-ndenily 
and  partly  with  the  nasociliary'  nerve  to  the  gangUon,  and  conduct  to  it,  among  other  fibers,  the 
motor  fibers  for  the  dilator  of  the  pupil  (see  "  Special  Sense  Organs  "). 

2.  The  external  carotid  plexua  »  much  weaker  than  the  internal.  It  is  formed  by  tlie 
external  carotid  nerves  and  sunoimds  the  artcrj-  in  the  form  of  a  very  fine  plexus,  being  also 
continued  along  the  majority  of  it?  branchi-^  and  giving  off  branches  to  the  carotid  glomus.  It 
thus  gives  rise  10  the  following:  A  superwr  thyreoid  plexus,  a  Ungual  plexus,  an  external  maxiilary 
plexus  with  the  sympathetic  root  oj  the  submaxillary  ganglion  (page  203),  an  occipital  plexus,  a 
posterior  auricidar  fiexuSf  a  superficial  temporal  fiaeust  an  intermd  maxUlary  fUxus^  whkh  gives 
rise  to  the  matir^etd  fiUseus,  and  the  sympathetic  root  of  the  otic  gaitgUoH. 

V  The  common  carotid  plexus  consists  of  only  a  few  fibers  coming  from  the  middle  gan- 
gUon and  furnishes  vascular  branches  to  the  artery. 

4.  I'hc  subclavian  plexus  consists  of  delicate  libers  from  the  inferior  ganglion  and  is  con- 
tinued as  the  intenud  mammary,  infer iof  thyreoid,  and  vertdnU  ptexuses  aloQg  the  mam  brandies 
dthe  aiteiy. 

THORACIC  PORTION  OF  THE  SYMPATHETIC  NERVOUS  SYSTEM. 
The  ihvracie  portion  oj  the  sympathetic  trunk  (Figs.  538.  587,  and  72(1)  forms  a  chain  of 
from  eleven  to  twelve  thoracic  ganglia,  which  are  coimected  by  short,  often  double,  nerve  cords. 
These  course  in  front  of  the  intercostal  vess^  and  nerves,  thus  bridging  the  posterior  part  of 
the  intercostal  space.  The  uppermost  thoracic  gangUoa  is  united  by  a  very  short  portion  of 
the  trunk  with  the  inferior  cervical  ganglion;  the  lowest  ^th  tiie%st  lumbar  ganglion. 
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The  thosadc  put  of  the  sympathetic  trunk  is  situated,  with  its  ganglia,  in  front  of  the  heads 
of  the  ribs  and  i-  covered  only  by  the  cndothoracic  fasria  and  costal  [)leura.  At  the  level  of  the 
head  of  eacn  rib  *  a  ganglion  occurs.  The  two  lower  ganglia  are  also  co\  ered  by  the  lumbar 
portion  of  the  diaphragm,  so  that  the  communicating  ramus  to  the  tirst  lumbar  ganglion  must 
pass  throng  its  interawdiate  and  lateial  crura.  The  upper  and  lover  thcnadc  ganglia  are 
laiger  than  the  middle  ones,  but  smaller  than  the  superior  and  also  than  the  inferior  cervical 
ganj^on.  Their  shape  ^s  oval  or  triangular,  and  usually  flattened.  Besides  (large)  communica- 
ting rami  to  the  interco>tal  nerves  and  delicate  liranches  to  the  aortic  plexus,  two  large  visceral 
nerves  arise  from  the  thoracic  portion  of  the  sympathetic  trunk,  which  unite  the  sympathetic 
trunks  of  the  two  sides  while  passing  downward  in  front  of  the  vertebral  column,  and  are 
among  the  stni^est  peripheral  brandies  of  the  system;  they  are  known  as  the  sphmcfanic 
nerves. 

1.  The  greater  aplauehni'c  nenr  (Tips.  538,  587,  and  726)  arises  hy  several  roots  from  the 
fifth  or  sixth  to  the  ninth  or  tenth  thoracic  ganglion,  lunis  medially  and  downward,  coursing 
across  the  lateral  surfaces  of  the  bodies  of  the  lower  thoracic  vertebra;,  and  passes  through  the 
diaphragm  between  the  medial  and  intermediate  crura  of  the  lumbar  portion,  and,  therefore, 
medial  to  ^  sympathetic  trunk.  In  the  abdominal  cavity  it  tenninates  ht  ^  ooeliac  plexus. 
A  ganglion  which  may  occur  in  the  course  of  the  rdativdy  strong  and  whitef  nerve  is  called 
Sftanchnic  ganglion. 

2.  The  lesser  splanchnic  tmve  arises  from  the  two  lowest  thoracic  ganglia,  courses  parallel 
with  the  major,  but  lateral  to  it,  pierces  the  diaphragm,  and  passes  partly  to  the  cceliac  ganglion, 
but  also  by  its  retui  ramus  to  the  renal  plexus.} 

Li  addition  two  plexuses  occur  in  the  thoracic  cavi^,  one  erf  which  is  fonned  entirely  by 
the  sympathetic  system  and  the  other  in  large  part.§ 

!.  The  thoracic  aortic  plexus  i?  a  Tme.  weak  |>le\us  which  surroimds  the  thoracic  aorta  and 
passes  with  it  through  the  aortic  hiatus  into  the  abdominal  cavity.  Here  it  becomes  continuous 
with  the  abdmninal  amttc  plexus. 

3.  The  cardiac  flext$s  is  formed  by  tiie  sympathetic  system  together  with  the  vagus  narve. 
It  is  a  wide-meshed  plexus  which  stuxounds  the  arch  of  Uie  aorta,  the  ascendmg  aorta,  and  the 
pulmonary  arten,*,  and,  in  addition  to  smaller  ganglia,  posse5ses  a  larger,  ron<;tant  cardiac  gonglicm 
(the  ganglion  of  W  risberg),  which  Ues  between  the  point  of  division  of  the  pulmonar}'  artery  and 
the  arch  of  the  aorta. 

The  cardiac  plexus  is  formed:  i.  From  the  vagusll  of  either  side,  by  the  cardiac  brandies 
(see  page  209)  which  orii^te  partfy  from  the  trunk  6i  the  vagus,  partly  (the  majority)  from 

•  If  the  number  of  ganglia  is  less  than  twelve,  as  is  often  the  case  (eleven,  more  rarely  ten  or  nine),  a  gan- 
g)k»  docs  not  cemifoad  with  the  head  ol  each  rib,  but  either  one  or  more  of  them  lie  in  the  intervals  between 

t  The  peater  aplanchnlc  nerve  is  whiter  than  the  lympathedc  trunk,  fiiKe  It  oontainaagreater  number  of  laedullated 

fibers. 

tOecaabnally  the  renal  ramus  Is  independent  and  forma  a  small,  third  splanchnic  nerve,  the  least  splancbnk  nerw. 

!  In  rontr.ist  to  tW  r.inli.ic  pl.'^ni  \hi-  pulmonary  [ili'xu>  is  formed  almost  coiopletely  bf  the  vagoa  (act  page 

210),  altliough  a  few  sympathetic  pulmonary  branches  take  part. 

II  Also  the  inferior  cad  of  flw  daoendiag  bfradt  o(  the  hypofloanl  (see  page  9ia)  occuioiMJIy  lafcec  part  in  tba 
fonnatioQ  of  the  piexus.  ^ 
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Fig.  736.-~The  thmacic  pottion  of  the  sympathetic  tnink  and  the  thoradc  and  abdominal  portions  of 


The  antcriur  ihcratic  wail  luis  liccn  removed  by  a  frontal  Section,  the  veins  have  been  cut  away,  and  the  only  arirric* 
led  mre  the  aorta  and  »imc  of  its  bfandieL   All  (hie  thofack  viMen  Ittve  heen  ranoved;  of  the  «hilwmm«l  viaoen,  only 

the  stomach  has  bct-n  left  in  lUu. 

Fig.  727. — The  abdominal  and  pelvic  portions  of  the  sj'mpathetic  trunk. 

The  anterior  abdominal  and  pelvic  walla  have  been  removed,  the  lumbar  plexus  t:\|«>s<'<l  I  y  '<  movil  of  the  pMM 
major,  and  the  aorta  lelt  in  titu  up  to  ita  bifurcation.   *  —  Viaceial  branchea  of  the  pudendal  plejtua. 


its  laryngeal  branches.  2.  From  the  ?}'mpathetic  system  of  either  side  by  the  superior,  middle, 
and  inferior  cardiac  nerves  of  the  cer-ical  trunk  ^ani^lia. 

From  the  cardiac  jjlc.xus  numerous  nerves  arise  for  the  luart  wall  and  penetrate  it  panly 
independently,  partly  by  way  of  the  amterior  and  posterior  cmomry  pkxuses,  whidi  extend  akmg 
the  ctmesponding  arteries. 

TH£  ABDOMINAL  AND  PELVIC  PORTIONS  OF  THE  SYMPATHETIC  NERVOUS  SYSTEM. 

The  alxlominal  and  j>elvic  ]>ortions  1  rig>.  568,  716,  and  7:?;)  are  distinguished  by  the  exten- 
sive and  strong  plexuses  which  here  represent  the  peripheral  part  of  the  s>'mpathctic  system, 
and  in  comparison  with  which  the  sympathetic  trunk  becomes  insignificant. 

The  sympathetic  ^tmk  of  the  abdominal  cavity  and  pelvis  mdudcs  the  four  or  five  lunUmr 
ganglio,  four  (to  five)  sacrtA  ganglia,  and  the  unpaired  coccygeal  ganglion. 

The  lumbar  ganglia  (Fic^s.  716  and  727  1  arc  >malkr  than  the  thoracic  rcsiKTially  than  the 
lower  ones),  and  lie  on  the  metiial  border  ol  the  p^oas  major  muscle,  thus  rclati\t  l\  nuali  nearer 
to  the  middle  line  than  the  thoradc  ganglia.  On  the  right  side  they  arcmorc  or  kaa  covcicd  by 
the^flafntor  vena  cava,,  andjn  the  left  they  UeJ^ng  tbete]^~bral3er  of  ^ejbKlominal.aorta.  The 
connecting  cords  between  the  successive  gUiglia  are  a  little  longer  and  thinner  than  those  of 
the  thoracic  region.  The  ganglia  arc  connectefl  with  the  corresponding  lumbar  ner\'es  by  rami 
communicanle!;,  and  the  "anglia  of  either  side  are  also  connectecl  by  oblique  transverse  branches 
which  pa.s.-.  behind  the  aorta  and  inferior  vena  cava.  In  addition  branches  from  the  lumbar 
ganglia  pass  to  the  large  plexuses  of  the  abdominal  cavity. 

The  sacral  gan^ia  (Figs.  568  and  737)  are  about  equal  in  size  to  the  lumbar,  but  diminish 
from  above  downward.  They  lie  in  front  of  the  pelvic  surface  of  the  sacral  Ume,  medial  to  the 
anterior  sacral  foramina,  so  iIki!  the  nerves  of  the  two  ?ide«^  converge  below,  both  tnink'^  finally 
imiting  in  the  unpairetl  coccygeal  ganglion.  They  are  connected  by  relatively  thin  jiortion.s 
of  the  trunk,  and  here  the  trunks  and  ganglia  of  either  side  anastomose  by  transverse  branches 
to  a  much  greater  extent  than  do  the  lumbar  ganglia.  In  addition  the  sacml  ganglia  give  rami 
annmunicantes  to  the  anterior  brandies  oi  the  aaoal  nerves  and  are  connected  widi  the  hypo- 
gastric ple.xus. 

The  rnn-yf^i'iil  f^tiui^lion  fFitr.  727I  i«  unpaired,  and  is  usually  ver\'  small  or  replaced  by  n 
small  plexus.  Ihrough  its  communicating  rami  it  anastomoses  with  the  fifth  sacral  and  the 
coccygeal  nerve. 
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TU£  N£RVOUS  SYSTEM. 

THE  STHPAIHBTIC  PLEZVSBS  OF  THE  ABDOBDIAL  CAVITY. 

I.  The  abdominal  aortic  plexus  {Fig,  727)  is  a  wide-meshed  plexus  lying  on  the  abdominal 
aorta  and  is  connected  with  the  other  main  plexuses  of  the  abdomen,  fiekm,  at  the  bilurcation 
of  the  aorta,  it  passes  into  the  hypogastric  plexus. 

a.  The  colUic  pltzu*  (Fig.  727)  is  the  iMgest  sympathetic  plexus  ot  the  body  and  consbts 
nuiidy  of  two  large,  semiltmar  adiae  gOMgUa  which  lie  one  on  either  side  of  the  abdominal 
aorta  at  the  level  of  "'i  (  :  gio  of  the  cceliac  artcrj'.  They  are  connected  by  numerous  transverse 
ana-stomosinjj;  hratuhes  which  form  the  cfpliac  plexus,  this  surrounding  the  origin  of  the  cceliac 
arterj'  and  extending  down  to  the  root  of  tiie  superior  mesenteric  artery  and  laterally  to  the  middle 
crura  of  the  lumbar  portion  of  the  diaphragm.  The  inferior  part  of  the  plexus  usually  has  an 
additional  unpaired  ganglion,  lying  at  the  root  of  the  supuior  mesenteric  artety,  and  known  as 
the  superior  mcsenterk  ganglion.  The  splanchnic  nerves  enter  the  ca?liac  plexus,  the  greater 
entirely  and  the  lesser  partly,  and  ^3'mpathotic  fibers  pass  to  it  from  the  thoracicTiejriie  plexus, 
vagus  fibers,  from  the  oesophageal  and  fi^astric  plexuses,  and  phrenic  fibers  from  tlie  phrcnico- 
abdominalncr%'cs.  From  the  plexus  numerous  fibers  pass  out  in  all  directions  and  tommuni- 
cate  with  almost  all  die  other  plexuses  of  the  abdominal  cavity;  for  the  most  part,  however, 
they  form  furilu-r  plexuses.    These  arc: 

(a)  The  piurmk  plexus^  paired,  along  the  inferior  phrenic  artety,  contains  a  few  small  phrenic 
ganglia. 

{b)  1  he  suptrior  guitrk  pUxus,  un|jaired,  ramifies  from  the  lesser  curvature  to  the  anterior 
and  po^eriorsurfaceof  thestomachamrumteswith  thetwo  gastricplexuses  of  the  vagus  (page  311). 

(c)  The  hepatic  plexus^  also  unpaired,  pn-'agg«  «l^ff  Wpyfir  artpiytn  the  liver,  anasto- 
moscs  with  the  superior  gastric  i)lexus  and  divides  at  the  portal  fissure  oTTKFIIvcrTnto^  right 
and  left  hepatic  plcxu-.  wha^c  ^iranchcs  penetrate  inte*  the  liver  with  the  arterial  branches  and 
also  pass  to  the  gali-bla<lder,  iht.  ligamuilum  teres  and  the  ligament  of  the  ductus  venosus.  Fur- 
thennore,  bmidies  of  the  hepatic  plexus  pass  along  the  greater  curvature  of  the  stomach  with 
the  ri^  gsstio-epiploic  artery  to  the  stoniach  waB  and  fonn — 

(</)  Tlu  injer'uw  gastric  plexus. 

((■)  Thv  sjdnuf  plexus  passtt  with  the  conresponding  artery  to  the  pancreas,  the  fundus^ 
^^^ihu.stfi™^ch,  and  the  spleen.      ~  .  "~ 

3.  The  sufrareml  plexus  is  strong  and  paired,  and  extends  to  the  hilus  of  die  supiarenal 
body  and  forms  smaD  (microscopic)  gang^  within  the  orgaiL 

4.  TIk  renal  ple.vus  lies  at  the  origin  of  each  renal  arten.'  from  the  abdominal  aorta,  and 
is,  then  fore,  also  paired.  It  t  ommimiratc?  with  the  e  a  liac  and  superior  mcst-nteric  plexuses 
and  receives  the  renal  branch  of  the  lesser  splanchnic  nerve.  Its  branches  penetrate  with  the 
arteries  Into  the  kidneys. 

5.  The  itaemd  spermatic  fkxt$s  accompanies  the  corresponding  artery,  and  in  the  male 
terminates  in  the  scrotum,  in  the  female  in  die  ovary  (plexus  of  the  ovarian  artery). 

6.  The  superior  mrsmfrrir  ph-xus  is  strong  and  unpaired.  It  arisen;  from  the  lower  end  of 
the  cceliac  plexus  and  really  represents  its  direct  continuation.  It  furnishes  almost  all  branches 
to  the  intestinal  canal,  these  ramifying  along  the  corresponding  artery  and  its  branches,  and 
forming  with  the  vagus  the  myetUerk  and  stAmuams  ptexHses^  especially  the  latter. 
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7.  The  inferior  mesenteric  plexus  is  also  unpaired  and  passes  almost  insensibly  into  the 
unpaired  part  of  the  following  plexus.  It  sends  its  rami  along  the  corresponding  artery  and 
Hs  bfanches  to  the  descending  onion  and  xectum.  Hie  supmar  kamrrMiti  moves  to  the 
latto-  fonn  the  unpaired  mpeHor  hemerrhoidd  plexus. 

8.  The  hypogastric  plexus,  the  large  sympathetic  plextts  of  the  pdvts,  is.  unpaired  at  its 
origin  and  lies  in  front  of  the  fifth  lumbar  vertebra  and  the  promontory  in  the  form  of  a  strong 
elongated  plexus.  From  this  the  paired  plexuses  for  the  lower  extremities  arist'  and  also  paired 
portions  of  the  plexuses  which  pass  alon^  the  hypogastric  artery  on  either  side  into  the  true  pelvis. 

Thi  2]riimn  to  thi>  ymhs^m  Imown  as  the  sUae  fkxuses.  They  acoomptny  the  oonanon 
Uiac^nd  external  iliac  arteries,  arc  but  feebiy  aeveloped,  and  are  continued  downward  as  the 
femoral  ami  popliteal  plexuses  alonj;  the  arterial  tnmks. 

The  jxilvic  jnr'  of  iht-  hyi>ogaalric  pUxus  iFii^s.  568  and  727)  is  strengthened  by  fibers 
from  the  sacral  ganglia  of  the  sympathetic  trunk  and  also  receives  numerous  cerebrospinal 
branches  from  the  pudendal  pkxus.  It  lies  beside  the  rectum  upon  the  pdWc  surface  of  the 
levator  ani,  close  to  the  vagina  in  the  female  and  on  the  fundus  of  the  bladder  in  the  male. 
Together  with  the  fibers  from  the  pudendal  plexus  it  forms  a  number  of  smaller  plemses: 

(0)  TIk-  middle  hi  morrhoidal  plexus  on  the  rectum. 

(6)  The  prostalic  plexus  on  the  prostate. 

(c)  The  deferential  pkxus  on  the  ampulla  of  the  vas  deferens  and  the  seminal  veadcs. 

(d)  In  the  female,  the  large  tUerovaghud  plexus,  especially  wdl  devdoped  on  the  hteral 

border  of  the  cervix  uteri,  where  it  contains  some  constant  gangjia. 

(e)  The  vesical  plexus  on  the  bladder. 

(/)  The  cavernous  pl4:xus  oj  Ike  penis  {clitoris)  which  forms  the  terminal  part  of  the  hypo- 
^ffitric  plexus.  It  lies  at  the  root  of  ^e  penh  (cfitom)  and  sen&  the  major  cavenums  nerve  and 
the  mimr  cavemons  nerves  of  the  penis  \ditoris)  to  the  corpus  cavemosum,  where  they  course 
in  company  with  the  deep  vessels  of  the  penis  (clitoris).  They  are  principally  of  sympathetic 
origin,  while  the  dorsal  nerves  of  the  penis  are  of  spinal  origin. 
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THE  VISUAL  ORGAN  OR  EYE. 

The  main  constituent  of  the  organ  of  sight  is  the  eyeball  with  the  optic  nerve;  it  represents 
the  true  oigan  of  vision.  To  it  are  added  the  accessory  visual  otgans,  serving  partly  as  a  motor 
apputAnSt  partly  as  piotective  organs. 

THE  EYEBALL. 

The  eyAeU  cenK}  (Fjgii.  728  and  731)  is  an  almost  spherical  body  situated  in  the 

orbital  cavity,  whose  anterior  end  is  formed  by  a  segment  of  a  spboe  with  a  smaller  radius,  while 
at  the  posterior  end  the  optic  nerve  is  attached,  forming,  as  it  were,  a  stalk  for  the  eyeball. 
The  eyeball  is  not  completely  contained  in  the  orbit,  but  projects  con.si«lerably  beyond  the 
lateral  portion  ol  the  <wbital  opening,  so  much  so  that  its  equator  is  only  slightly  behind  the  lateral 
border  of  the  orbit.  On  the  other  hand,  the  superior,  infoior,  and,  for  the  most  part,  the  medial 
surfaces*  of  the  bulb  are  protected  by  the  bony  orbital  cavity,  the  vertiail  diameter  of  the  orbital 
npi-ning  passing  just  in  front  of  the  most  prominent  i>art  of  the  cornea,  while  the  horizontal 
diameter  is  behind  iU  Nor  docs  the  eyeball  nearly  fill  the  orbital  cavity.  The  iX)sterior  |x>le 
lies  at  about  the  middle  of  the  lei^h  of  the  orbit,  so  that  the  eyeball  occupies  only  its  anterior, 
more  spacious  half,  and  is  stinotmded  not  only  by  its  muscles  and  fascia,  but  also  with  a  rich 
cushion  of  adijxjse  tissue,  thi-  aJifxist-  body  0}  the  orbil.  T!ie  long  a\i>  of  the  eyeball  does  not 
exactly  coincide  with  that  of  the  orljital  cavity,  l)Ut  His  sonicwliat  lateral  to  it;  the  same  IS  trUO 
of  the  relative  positions  of  the  center  of  the  orbit  and  of  that  of  the  eye. 

The  fthajx;  of  the  eyeball  varies,  though  only  slightly,  from  the  sphere  and  approaches  that 
ol  an  dOipsind.  Its  largest  diameter  is  diagonal  (from  medially  and  above  laterally  and  down- 
ward).  The  anterior  extremity  is  known  as  the  a$Uenor  fde,  the  postoior  one  as  poskrior  pek, 
the  former  corresponding  to  the  point  of  greatest  curvature  of  the  romea,  the  latter  to  a  point 
close  to  the  central  fovea  of  (lie  retina  (see  below).  The  line  (  onneclin-^  the  two  poles  is  the 
axis,  and  it  is  convenient  to  make  a  distinction  between  an  exlermi  ocular  axis,  which  is  con- 
sidered to  pass  from  the  vertex  of  the  cornea  to  the  pomt  on  the  external  ooat  of  the  eye  which 
comsponds  to  the  posterior  pole,  and  an  internal  ocular  axiSf  which  unites  the  posterior  plane  of 
the  corneal  surface  with  the  Inner  surface  of  the  retina  at  the  i>oint  corresponding  to  the  posterior 
pole.    The  length  of  the  external  axis  averajies  2.}  mm.,  thai  of  the  internal  21.78  mm. 

The  optical  axis  ditlers  somewhat  from  the  anatomical  a.xis  of  the  eye.f  It  extends  from  the 
vertex  of  tiie  cornea  to  the  floor  of  the  cmtml  fovea  and  crosses  the  axis  of  the  eye  at  a  very 
acute  an|^,  whfle  the  btter  makes  an  angle  of  about  20*  with  a  line  vdiich  represents  a  pro- 
loDigation  of  the  optic  nerve. 

•  These  r«-htti<>ns  difl'<>r  In  inttivMu.ils,  fartty  .iIm>  very  markedly  in  dttTetMt  raMt*  mnd  iinder  eerttln  coBililiaiil 
«1k>  to  &  alight  exlrnl  on  the  two  sides  in  the  same  person. 

tniB  pIvrialQsM  concept&m  «l  tke  Une  «( ^Mm  ii  10  be  diidiigiiiilied  from  the  optiol  mm, 
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The  transverse  diameter  of  the  eyeball  b  of  about  the  same  size  as  the  axis  (24  mm.),  and 
connects  the  nasal  surface  with  the  temporal  surftMX  at  the  line  of  greatest  widtb»  while  the  vertical 

diameter  is  smaller,  bein^  only  _\^.5  mm.* 

The  eyeball  i>  formed  mainly  by  three  ronrentrie  roats,  which  arc  curved  in  correspondence 
with  the  external  iorm  of  the  ball.  They  surround  liie  transparent,  partly  fluid,  partly  compact 
contents  of  the  eyeball,  and  are  known  as  the  external  fibrous  kink,  die  middle  or  vasadar  Umie 
and  the  intciml  tunic  or  reftiw. 


THE  FIBROUS  TUNIC  OF  THE  EYE. 

The  fibrous  tunic  is  by  tar  the  largest  of  the  three  coats,  and  is  decidedly  the  firmest.  It 
encloses  the  whcHe  eyeball  like  a  capsule,  and  is  divided  iiato  an  aa^iiflr,  smaller,  transparent, 
more  curved  portion,  the  cornea,  and  a  larger,  posterior,  opaque  portion,  the  sderc,  about  five- 
sixths  of  (fi(  circumference  being  formed  by  the  Inlli  r  and  one-sixth  by  the  mmca. 

The  Sclera.  The  sclera  fFicrs.  728  to  731,  and  733  lo  j^^-"^  h  a  iirni,  ihick  fibrous  coat, 
composed  of  interlacing  bundles  of  connective  ti&>uc,  and  has  a  while  color.  In  its  posterior 
medial  portion  it  is  very  intimately  connected  with  the  dural  sheath  of  the  opiic  ncrv-e,  anteriorly 
it  is  quite  sharply  marked  off  from  the  cornea,  although  in  reality  it  is  direcUy  continuous  with 
the  tissue  of  the  latter.  It  is  thicker  in  the  posterior  |)ortion  of  the  eyeball  than  at  the  ecjuator, 
in  frortt  of  which  it  n'^ain  thjrken>i,  bt  tn<^  strengthened  by  the  recti  muscle-  that  arc  in-^crird 
bcre.t  ft  Ix-comes  continuous  with  the  cornea,  either  by  forming  a  siorl  of  groove  [corneal  riina) 
for  the  reception  of  the  corneal  border  or  it  merely  overlaps  the  cornea  externally.  The  sdenU 
sulcus  is  the  groove  on  the  anterior  surface  of  the  eyeball  which  indicates  the  junction  of  sclera 
and  cornea,  and  corresponding  to  it.  near  its  posterior  surface  anrl  -till  in  the  re^rion  of  the  sclera, 
is  a  ring-like  vein  or  a  simple  circular  plexus,  the  so^alled  canci  oj  SciUcmm  or  the  sdcrd  venous 
sinus. 

Oa  its  posterior  surface,  on  the  nasal  aide  of  tte  axis,  the  sclera  is  pierced  by  the  btmdles 
of  the  opdc  nerve,  which  produce  a  cribriform  area  in  the  sclera,  the  hmiua  cribrosa  of  the 
sdera.  In  addition  the  sclera  is  perforated  obliquely  at  various  points  of  its  surfaces  by  the 
dlian'  ncn'cs  and  vessels  entcrint;  tin-  eyeball. 

The  sclera  is  very  ixx)rlyNupplied  with  vessels.  Its  inner  surface  is  \ery  smooth  and  is 
connected  with  the  middle  tuni€Uj>'  a  thin  layer  of  ver)'  delicate,  loose,  pigmcntetl  tissue,  known 
as  the  /omlfM  fu«a.  Connected  with  the  roughs  OUKf  ^lurtaoe,  m  additkm  to  the  sheath  of 
the  optic  nene,  there  are  also  the  tendons  of  the  six  muscles  of  the  ^re,  as  well  as  die  ei^scleral 
eonnective-ti'-ue  layer  of  the  conjunctiva  (see  page  273). 

The  Cornea. —  The  romea  is  a  transparent  structure,  shaped  somewhat  like  a  watch-crj'stal 
and  cur\ed  more  strongly  than  the  sclera.  It  forms  the  anterior  .sixtli  of  the  eyeball  and  is  not 
exactly  circular  in  outline,  but  is  a  little  broader  in  its  horizontal  than  in  its  vertical  dtameter.t 
In  looking  at  it  from  in  front  it  seems  transversely  elliptic,  but  from  behind  it    exactly  circubr, 

•  The  medial  surface  of  the  eye,  diat  neereit  the  nont,  b  known  «*  the  tiatti  turfftce.  that  neemt  the  temple 

u  the  temporal  surface. 

fThe  greetett  tfakkncM  of  tiie  iclcre  (poeteriorly)  is  t  mm.;  the  leett  (befaiiKi  the  tendom  of  the  recti  miilclcs) 

o<3  to  0.4  oiRi.;  the  mean  (V>rhinii  the  e<|uaior  and  at  the  line  <if  tlu-  iniiiTtinn  of  the  recti  miilclcs)  e.6  mm. 
tTtie  vertical  diameter  uf  the  cornea  averages  11  mnv..  the  hurizontAl  ii.ii  mm. 
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Fig.  729. — The  right  eyeball  of  the  human  subject  divided  in  half  by  a  meridian  section.  (Enlaiged 
five  times.) 

Thr  ^Htrpous  body  ha^  hern  Temovcrf,    n  —  Nasa!.  t  temporal. 
Fig.  730. — The  left  eyeball  of  a  four-year-old  child  divided  in  half  by  a  meridian  section,  showing  a  well- 
developed  byaMd  csimI  and  the  remiDS  of  hyaloid  veasds. 

A  ]»rtion  ol  the  vitNoua  body  bai'twcn  icinimd  on  the  aaaal  ride,  a  =  Ktatl,  t  =  temporal.  *  Renwhis 
of  the  hyaloid  vcawta. 

Fto.  731. — ^The  middle  tunic  ctf  the  eye  expoaed  by  meridiaa  aectiooa  of  the  onler  tunk.  {Enlarged  fotir 

times.) 

*   ~  Cut  margin  of  pectinate  ligament. 

Fto.  73a. — ^The  anterior  aspect  of  the  middle  tunic  of  the  eye  after  complete  nemoval  of  the  outer  tunic. 
(Enlarged  five  times.) 
•*  =  Cut  margin  of  the  cornea. 


this  appeaiwce  bong  due  to  the  fact  that  aa  the  anterior  stirface  of  the  eydball  the  border  of  the 

sdcra  covers  the  cornea  a  little  more  above  and  below  than  at  the  sides. 

The  surface?  of  the  cornea  are  known  as  the  anterior  surface,  which  is  convex,  and  the  pos- 
terior  mr  jacc,  svhicli  is  concave.  The  center,  the  point  of  greatest  cun  ature,  is  the  corneal  vertex ^ 
and  the  peripher}',  which  is  embraced  by  the  sclera,  in  the  region  of  tibe  conieal  rima,  the  atmeal 
Imbus.  The  coimea  is  not  noticeably  thicker  ibm  the  sclera,  but  it  is  thicker  at  the  periphery 
than  at  ^  middle.* 

Both  corneal  surfaces  arc  free,  the  anterior  facing  the  conjunctival  space,  the  posterior 
bounding  the  anterior  chamber  of  the  eye.  The  true  corneal  substance  or  substanlia  propria 
is  in  direct  contintury  with  the  adenl  tissue;  its  anterior  surface  is  oovered  by  an  mUerior 
lamkia  (Bowman's  membrane),  the  posterior  by  a  posterior  da^  kmhu  (Desoemct's  membrane) ; 
upon  the  latter  rests  the  endothelium  oj  the  anterior  chamber  and  upon  the  fonner  the  corneal 
rpithrliutii,  which  i>  dlret  tly  continuous  with  the  conjunctiva!  cpiihelium.  At  the  junction  of  the 
conjunctiva  wiih  the  |x;ri|>lu'ry  of  the  cornea  a  narrow  ring,  the  conjunctival  annulus,  is  formed. 

The  cornea  is  completely  devoid  of  blood-vessels,  but  marginal  loops  pass  a  short  distance 
(about  I  ram.)  into  the  substantia  pfOfv^  It  is,  however,  exceedinj^y  well  supplied  with  nerves, 
which  extend  into  the  epitlielium.t 

TUB  VASCULAR  TUNICS 

The  vascular  tunic  is  a  ddicate,  pigmented,  soft  coat,  which  contains  the  vessds  and  (htenial) 

muscles  of  the  eye.  It  is  divided  into  Aree  parts:  a  posterior  part,  lying  close  to  the  sclera,  but 
separated  from  it  hx  the  lamina  fusca,  is  the  chcmoid,  which  is  perforated  at  the  point  of  entrance 
of  the  optic  nerve;  an  anterior  part,  the  iris,  has  the  shape  of  a  diaphragm  with  a  central,  round 
opening,  the  pupil,  and  is  separated  from  the  cornea  by  the  atOerior  chamber  of  the  eye;  and.  a 
middle,  thickened  part  is  the  cUiary  tody,  which,  at  the  corneal  rima,  is  in  dose  connection  with 
the    1    I  1    means  of  a  rini^-shaped  thickening,  the  ciliary  annulus. 

The  Chorioid.— The  i  hon'oid  ^Fis:;?.  728  to  734)  is  a  thin  coat.  0.5  to  0.8  mm.  in  thickness, 
rich  in  pigment  and  blocx!  %(>■>(  !>,  wlio-e  smooth  inner  surface  face?;  the  retina  and  the  outer 

♦  Thi-  t!ii  knrss  at  the  middle  is  0.8  to  0.9  mm.,  at  the  periphery  1. 1  mm. 

t  t  <  r  dt  t  uiH  sec  the  Sohona-H.vlber  Alias md  EpUorne 9t  Hiahhgf. 
t  Alto  called  middle  tank  or  uvea. 
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surbce  the  sclenu  It  is  seponted  from  the  latter  by  a  veiy  nanow  space,  the  perkkarioidal 

spa(  t\  which  is  traversed,  however,  by  vesads  and  nerves  which  penetiate  through  the  sclera; 
so  that  the  outer  surface  of  the  chorioid  seems  rough  after  its  removal  on  account  of  the  broken 
vcs>-(.-ls.  The  rhorioid  is  of  a  b^o^^'ni«,h  color,  the  intensity  of  which  depends  upon  the  general 
development  of  pigment  (in  the  hair,  elt.j  of  each  individual,  and  upon  its  outer  surface  are  the 
laiger  vcsseb  and  iMsnre  stems,  wlikih  im,  fcir  the 

and  the  coHectine;  vonicose  s  cins,  formed  by  the  union  of  venous  branches  ananged  in  a  radiating 
manner  CFip.  744^  That  hiyer  of  the  chorioid  in  which  we  find  the  hirgcr  vcsseL  and  nerve 
slenis  is  known  as  the  lamina  vasculosa;  it  do»s  not  immediately  adjoin  the  lamina  fusca  of  the 
sclera  or  the  pcrichorioidal  space,  but  is  separated  from  it  by  a  thin  connective-tissue  stratum, 
whidi  is  also  pigmented  and  is  known  as  the  sufraehertMid  lamma.  btemal  to  the  lammy 
vascuhwa  is  the  choHocafSSlary  laminat  which  contains  the  xamifications  of  the  smaller  vcsseb  ana 
is  separated  from  the  retina  by  a  fine,  elastic  membrane,  the  hasal  lamina  (Bruch's  membrane). 
At  the  point  where  the  optic  ner\'c  pierces  the  tunics  of  the  eye  the  chorioid  h  perforated  (the 
optic  foramen  of  the  chorioid),  and  the  margins  of  the  jwrforaiion  Ix^ing  united  to  the  connective 
tissue  suxToimiding  the  opdc  nerve,  as  wdl  as  also  to  tlw  sdera,  the  chorioid  and  sclera  are  fused 
at  this  point.*  Antcriotfr,  the  chgrii^  passes  without  donarcatian  into  the  dliaxy  bod^. 

The  Ciliary  Body. — The  ciliary  lx)dy  (Figs.  733,  735,  and  736)  is  a  circular  thickening  of 
the  vascular  ttmic.  Posteriorly  it  passes  into  the  chorioid  without  presentintj  any  flistinrt  line 
of  junction,  while  anteriorly  the  outer  border  of  the  iris  arises  from  it.  It  consists  of  the  ciliary 
nmsth  on  the  one  band  and  the  cHiary  corona  and  orHadtts  cUums  an  the  other.  The  cSiary 
Mtuele  is  a  circular  muscle  lying  in  the  region  of  the  ciliary  annulus,  dose  to  the  inner  surface  of 
the  anterior  border  of  the  sclera,  and  is  distinguished  from  the  remaining  parts  of  thi'  (horioid 
by  the  scantiness  of  its  pigment. it  ion.  Tts  >.liapc  in  section  i«;  almost  that  of  a  three-sidcti  prism, 
so  that  in  cross-section  it  appears  triangular,  with  the  longest  side  of  the  triangle  close  to  the 
mner  surface  of  the  sclera.  It  consists  of  outer  meridional  fibers  and  inner  circular  fibers,  the 
latter  not  coursing  exactly  equatorially,  but  obliquely  or  radiaUy.  The  ori|pn  of  the  main  merid- 
ional mass  of  fibers  lies  on  the  inner  surface  of  the  corneal  rima,  and  from  this  the  fibers  pass  in 
a  meridional  direction  backward  into  the  chorioid  ti^sut•  (tensor  chorioidea).  The  orbictdus 
cUiaris  is  that  part  of  the  ciliary  body  which  passes  over  into  the  chorioid  ]X)steriorly,  and  is  a 
aone  about  2  mm.  wide,  its  junction  with  the  chorioid  coinciding  with  the  ora  scrrata  of 
the  letfoB  (page  953).  Here  certam  structural  peculiarities  of  the  chorioid  (the  lamhia  chorio- 
capillaris)  cease,  a  thickening  of  the  coat  appears,  and  gradually  the  folds  of  the  ciliary  corona, 
so  characteristic  of  the  inner  surface  of  the  ciliary  body,  begin.  The  corona  consists  of  seventy 
(more  rarely  seventy  one  to  seventy-two)  radiating,  deeply  pigmentetl  processe«;,  the  ciliary 
processes,  which  begin  evtrn  in  the  region  of  tiie  orbit ulus  ciliaris  as  very  low  folds  and  gradually 
mcreaae  in  he^t  towaid  the  iris,  attaining  their  greatest  heif^t  of  about  i  nun.  immediatdy 
along  the  e-xtemal  border  of  the  iris.  F.xamined  with  a  lens,  they  are  seen  to  be  not  smooth,  but 
finely  notcherl  and  swollen,  their  free  liorders  projecting  into  the  cavity  of  the  eyeball.  Frequently 

a  single  riliar>'  process  is  formed  by  the  blending  of  several  folds  of  the  orbiculus  ciliaris.  The 

* 

*  The  border  xi  the  chorioidal  foramen  often  appcnri  ni  a  dark  ring  about  tbe  optic  disc,  when  the  ty*  u  fBiii''wl 
with  ihn  ophthnlmnifopf. 
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Fic.  733. — The  anterior  half  <rf  an  equatorially  bisected  ri^t  eyebali,  as  seen  from  behind.   The  vitreous 
body  has  been  removed.   (Enlaifed  five  times.) 

n  =  NmbI:  t  ti-mp.iral. 

Fig.  734. — Tbt  posterior  half  of  an  etjuatorially  bisected  right  eyeball,  as  seen  from  in  front.  The 
vitieous  body  has  been  removed.   (Enlarged  five  times.) 

t  ~ TemjioTnl:  n    '  nasal. 

Fig.  735. — A  portion  of  the  preparation  depicted  in  Fig.  733.    (Enlarged  ten  times.) 

Fig.  756. — Tbit  posterior  suifoce  of  tbe  iris  and  of  the  ciliary  body  after  the  lerooval  of  the  lens.  (Enlaiged 

ten  times.) 

Upon  tbe  left  the  zonular  libers  have  been  removed.    *  -  Folds  ot  the  iris. 


free  ends  of  the  prcKcsscs  do  not  reach  the  lens,  but  remain  at  a  distance  of  alx)Ut  i  mm.  from 
its  equator,  and  in  the  funows  between  the  processes  is  a  varialale  number  of  folds,  which  project 
less  strongly,  are  narrower  and  shorter,  althou^  resembling  in  appearance  the  ctliaiy  processes; 
these  are  the  ciliary  jolds,  and  both  the  folds  and  the  processes  appear  to  have  a  dark  rolor  because 
they  arc  coven-fl  '>y  the  pigment  layer  of  the  retina,  the  pigment  stratum  of  the  ciliary  iifxiy  ipntrc 
253).  The  fibers  of  the  ciliary  zonule  (page  257)  pass  through  the  groove  between  the  processes, 
and  the  folds  and  processes  togetlwr  Itnrm  the  dliaiy 

The  Iris.— The  iris  (Figs.  73S  to  7.^2,  and  736)  has  the  form  of  a  disc  with  a  circular  opentt^ 
in  the  middle,  this  disc  being  placed  |HTpendicular  to  the  a.xis  of  the  eye  and  sc'ijaratcd  from  the 
cornea  by  the  anterior  chamber  of  the  eye.  The  (interior  surjiue  h  a!mn-t  ]>lanc.  VK-inij  made 
slightly  convex  anteriorly  only  by  the  anterior  .surface  of  the  lens,  and  faces  the  anterior  chamber 
cS  the  eye,  while  the  poskrior  surface  partly  rests  upon  the  anterior  suria»  of  the  lens  and  partly 
bounds  the  posterior  diamber.  The  inner  sharp  border,  surrounding  the  pupU,  is  almost  exactly 
circular  and  is  known  as  the  pupillary  margin,  and  the  outer  border,  passing  over  into  the  ciliaiy 
body,  i?  ciliary  marftin.  It  is  cnnnrcUd  \\  itli  the  po-terior  surface  of  the  cornea,  and  c<p<»rinlly 
with  its  posterior  elastic  membrane,  by  the  pectinak  ligament,  a  stnicture  only  weakly  (icv  clojitd 
in  man,  and  consisting  of  a  number  of  separate  lamella-,  separated  by  fine  (micrc^copic)  spaces, 
the  spaces  of  the  an^  of  the  iris  (spaces  of  Fontana) ;  it  rounds  off  the  angle  between  cornea  and 
iris,  known  as  the  anf^  of  the  iris  (see  below). 

The  puful  h  a  practically  circular  aperture  sifuated  exactly,  or  almost  so,*  in  the  center  of 
the  iris,  and  <litTt  ririL;  rn  size  according  to  its  state  of  contraction. 

The  anterior  and  |x>stcrior  surfaces  of  the  iris  arc  decidedly  dissimilar  in  appearance.  On 
the  anterior  surface,  about  1  mm.  froni  the  pupillary  border,  is  a  slightly  srarate  Ime  or  ridge, 
concentric  to  the  pupillary  border;  it  separates  the  narrow  pupillarv-  zone  of  the  iris,  the  anntdits 
iridis  minor,  from  the  broad  ciliar>'  ^one,  the  tiitnulu.',  iridh  mati>r.  Thv  fornirr  -lios'.-  'only 
when  examined  with  a  lens)  fine,  shallow  indentations,  which  increase  in  number  toward  ihe 
pupil,  the  latter,  in  light  eyes  (blue  or  bluish  gray)  shows  wavy  radial  stripes,  corrcsjjonding  to 
blood  vessds.  The  pupillary  border  of  tiie  iris  itself,  eq)ecla]ly  when  the  dilator  iridis  is  rdaxed, 
has  a  slii^tly  serrate  appearance,  the  serrtiaon  being  an  expression  of  the  radial  folds  of  the 
posterior  surface  of  the  iris  which  extenri  to  the  pupillary  border,  and  the  serrated  border  ts 
also  dark,  since  the  pigmoit  of  the  posterior  surface  extends  to  the  ven,-  border. 

*  To  be  enct,  the  cenier  of  tlie  pupil  »  a  Iitd«  wui  10  tbe  center  of  the  iris. 
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Thv  iiKlivklual  ( olor  variation  of  the  anterior  surface  of  the  iris  is  due  to  a  cheater  or  less 
amount  of  jiigmcntation.  In  IjIuc  or  blui*^h-pray  eyes  the  iris  h  poor  in  yiigment  and  jXTmits  the 
pigment  01  ihe  pignicnlcd  epithelium  of  the  retina,  lying  on  its  posterior  surface,  to  shine  through; 
in  dariccr  (dark-brown  or  brown  eyes)  the  stroma  of  the  iris  itself  is  rich  in  pigment.  The  anteriw 
surface  is  covered  by  the  endotfaeliiim  of  the  anterior  chamber  (page  250),  and,  furthermore, 
in  the  cih'ary  part  it  usually  ^hows  contraction  folds,  concentric  to  the  pupil,  the  folds  of  the  iris. 

The  posterior  surface  of  the  iris  is  covered  by  retinal  pigment  up  to  the  pupillary  border, 
and  possesses  very  line,  but  distinct,  radial  folds  which  cannot  be  seen  except  through  a  lens- 
It  lies  only  loosely  upon  the  anterior  surface  of  the  lens,  and  moves  upon  it  in  dilation  and  con- 
traction of  the  pupil. 

In  addition  to  the  anterior  endothelium  and  the  posterior  epithelium  the  iris  consists  of  a 
matrix,  the  vvr\'  y::<^cu\:\r  stroma,  and  of  musculature.  The  latter  consists  of  the  sphincttr  pupillft, 
which  surrounds  the  pupillary  border  like  a  ring,  and  the  dilator  pupilto',  which  Ues  on  the  posterior 
surface  and  should  not  be  regarded  as  really  belonging  to  the  stroma  of  the  iris,  but  to  the  posterior 
e|Mthdial  stratum.  The  greatest  thickness  of  the  iris  is  about  0.4  mm.,  and  its  average  width, 
fnmi  the  ciliary  to  the  pupillary  border,  is  3  mm. 

THE  BETIMA. 

The  retina  (Figs.  738  to  730,  733  to  738,  and  742),  as  a  whole,  consists  of  two  layen  adherii^ 

closely  to  one  another  and  fused  at  the  pupillary  borrler  of  the  iris.  The  extcinal  l^rer  lies  close 
to  the  vascular  tunic  and  is  entirely  absent  at  the  jxjint  where  the  optic  nerve  pierces  the  coats 
of  the  eye.  It  is  pigmented  throughout  its  entire  extent  and  is  known  as  the  pigmented  layer  0} 
ihe  rdina  and  since  it  covets  aQ  the  projections  of  the  vascular  tunic,  such  as  ciliary  processes,  etc. , 
it  may  be  divided  into  the  pigmetUed  stratim  of  the  retina,  the  pigmented  layer  of  the  cUiary  My 
(see  above),  and  the  pigmented  layer  of  the  iris  (see  below).  The  internal  layer,  the  true  retina, 
is  divided  into  two  sharply  separate  portions,  a  posterior  thicker  main  })ortion,  whic  h  is  the  per- 
cipient portion,  and  is  knowTi  as  the  opiir  portion,  ami  an  anterior  nonpcrcipient  |X)rtion,  the  ciliary 
portion.*  The  two  parts  pass  into  each  other  along  a  slightly  serrated  line,  the  ora  serraUi,  which 
lies  3  to  4  mm.  in  front  of  the  equator  of  the  eyeball,  at  about  the  junctioQ  of  the  anterior  and  middle 
thirds  of  its  surface.  It  extends  much  closer  to  the  ciliary  corona  on  th(  oasal  than  it  does  on 
the  tem[Kiral  >i(!e,  or,  in  other  worr]-^.  thv  orbic  iilu>  <  iliaris  is  perceptibly  narrower  on  the  nasal 
than  it  is  on  the  lt  iii]K)ral  side,  and  furthermore,  delicate  promt-like  processes  of  the  ora  seiiata 
frequently  occur  on  the  nasal  side,  while  on  the  temporal  side  it  is  merely  wavy. 

The  optic  portion  of  the  rethia  is  a  very  soft,  delicate  membrane,  which  is  perfectly  trans- 
parent in  the  living  condition,  although  it  is  not  quite  coktriess.!  In  the  cadaver  it  has  a  grayish- 
white  appearance  and  is  opaf[ue.  Tt  trrarhiallv  increases  in  thickness  from  the  ora  serrata 
(0.62  mm.  )  to  the  posterior  surface  of  the  eye.  and  reaches  itscrreatest  thickness  in  the  neij^hlwrhood 
of  the  axis  of  the  eye  (0.2  nun.).  Here  it  jiresents  a  rather  indistinctly  outlined,  yellowish  ^orange), 
diffuse  coloration,  the  so-called  ydtffw  spot  (maada  l«tea).t  In  the  center  of  the  macuto.  lutea 

*  Abo  known  ms  pan  ccck  Tctine. 

^  The  rclina  has  a  difTuse  pigmentation,  the  visual  purple,  in  its  outer  layers. 

t  It  has  recently  been  maintained  that  the  yellow  color  of  the  macula  lutca  is  a  pust-mortetn  phenomeBon*  bat 
this  Hipporitioti  has  been  opposed,  and  with  rcuoo. 
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Flo.  737. — ^The  background  (ophthalmoKupic  picture)  of  a  modCTately  pigmented  eye  (from  Haab-de 
Schweinitz,  Atlas  and  Epilome  oj  Ophthalmoscopy  and  Ophtlialmoscopic  Diagnosis). 
The  rediul  vciaels  show  dudaa  reflex  Mriie.  Tbe  optic  pafMlla  exhibits  x  diatiaa  iclenl  rin^  but  ea  obeciuie 
chorfaiilal  ring. 

Fw.  738.— The  b;ickgr<)und  (ophthalmoscopic  picture)  of  a  slightly  pigmented  eye  (from  Haab-de 
Schweinitz,  Alias  and  Epitome  oj  Ophthalmoscopy  and  Ophthalmoscopic  Diagnosis). 
The  dnrioidxl  wMei*  way  be  Men  throogli  the  tfwutMient  timws.  The  optic  papiUx  cgdiibiti  diitliitt  adcnl 
BBd  cboriaidal  1 


is  an  indentation,  the  rentrd  jovea,  whose  floor  extends  almost  to  the  pigment  layer,  so  (hat  (he 
latter  shines  through  this  {K>rtion  of  the  retina  much  more  strongly  than  il  does  in  other  places. 
To  the  nasal  side  of  the  macula  lutea  there  is  an  almost  circular,  sometime  slightly  raised,  pure 
white,  opaque  spot  in  the  opUc  poitioa  of  the  xetiiia,  which  u  the  point  of  entrance  of  the  optic 
nerve  and  is  known  as  the  papilla  of  the  opUe  nerve  *i  From  this  point  the  optic  nerve,  which 
has  pierced  the  sclera  and  chorioid  (pages  24Q  and  251',  spreads  out  in  such  a  way,  that  its  fibers 
form  the  suixTficia!  layer  of  the  retina,  (For  details  as  to  the  stnu  ttire  of  the  retina  see  the 
Solxitla-Huber  AtLis  and  Epilome  0}  Histology.)  Since  ail  other  layers  of  the  retina  are  absent 
at  the  optic  nerve  papilla,  this  region  is  also  known  as  tiie  blind  spot.  In  the  middle  of  the  papilla 
there  is  ustially  an  indentation,  the  so-called  physiological  excavation,  or  the  excavation  of  the 
papilla  oj  ihc  optic  ncnv,  and  at  this  jjoint  the  central  vessels  of  the  retina,  coursing  in  the  optic 
nerve  (page  201)  make  their  appear:'"^'  f,  nr.rl  fr^m  here  arc  distributed  in  the  supertkial  layers 
of  the  retina.  The  branches  of  the  ceiurai  artery  of  the  retina  (sec  page  261^  are  knowTi  as 
arterioles,  tlie  branches  of  the  central  vein  as  ventiles,  and  of  eadi  of  these  four  main  branches 
may  be  xecogniaed,  two  tempwal  and  two  nasal,  which  are  already  fbnned  before  the  vessek 
actually  reach  the  papilla,  that  is  to  say,  while  they  are  yet  within  the  optic  nerve  trunk.  According 
to  their  counir,  they  arc  kno\sTi  as  the  superior  temporal,  injerior  tentporal,  superior  nasal,  and 
inferior  nasal  arterioles  {venules)  (Fig.  742)  of  the  retina.  Beside  these  four  main  vessels, 
usually  three  smaller  ones  are  present:  first,  the  supmor  and  inferior  maailar  arferieies  (vennhs) 
passmg  to  the  re^on  of  the  macula,  and  second,  the  usually  very  small  medUl  arterioles  (vflHi/cy), 
passing  almost  horizontally  toward  the  nose.  The  fmal  branches  of  the  retinal  vessels  dsappear 
toward  the  ora  serrata,  and  all  vein?  accompany  the  arterial  branchc?  a?  single  stem?. 

The  ciliary  portion  of  the  retina,  better  known  as  the  caxal  portion,  is  divided  into  the 
true  ciliary  portion,  which  covers  the  inner  sorfiace  of  the  ciliary  body,  and  that  part  lying  on 
the  posterior  surface  of  the  iris,  the  so^aUed  iris  portion,  which,  at  the  pupillary  border,  passes 
over  into  the  pigment  epithelium.  The  two  parts  are  distinguished  from  one  another  by  the 
fact  that  the  ciliary  part  fin  a  narrower  sen^e'i  i-^  unijigmenttrl,  while  the  iris  part  is  pigmented. 
Since  the  whole  ciliar)'  portion  of  the  retina  consists  of  only  a  single  layer  of  cubical  epithelium, 
a  sudden  decrease  in  the  thickness  of  the  retina  (to  about  0.009  nun-)  occurs  at  the  ora  serrata, 
although  there  has  already  been  a  decided  thinning  of  the  optic  portion  (ao»  nun.).  Jn  the 
regiwi  of  the  orbicultis  ciliaris  the  pigment  epithelium  shows  through  the  ciliary  portion  of  the 
retina,  which  !«  not  pitrmentcd  in  thi-^  re<i:on,  so  that  this  part  of  the  inner  surface  of  the  eyeball 
(especially  in  the  cadaver)  seems  much  darker  than  the  fmsterior  part,  which  is  covered  by  the 

•  Since  the  nenre  usoalljr  does  not  project  beyond  tbe  level  of  the  retina,  the  term  disc  would  be  prefomble  to  pxpilla. 
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optic  portion  of  the  retina.  At  the  pupOlazy  bolder  the  ixh  portkm  of  die  letiiia  becomes  con- 
tinuous with  the  outer  layer,  so  that  the  posterior  surface  of  the  life  n  covered  by  two  laycn  of 
pigmented  epithelial  cells  (pif^mented  layer  ol  the  iris). 

In  studying  U»  interior  of  Ute  livinf  eye  (opthalmOMOpic  picture)  (Figs.  737  and  738)  the  posterior  surface  is  MCB 
to  be  decidedly  red  and  differs  fn  different  individuals  acoordii^;  to  the  amount  of  general  pigmentation,  being  either 
of  a  lighter  or  a  deeper  red.  The  red  color  docs  not  come  from  the  retina,  which  15  transparent,  but  from  the  Miscular 
tank,  10  whone  visculariiy  it  is  due,  and  according  as  the  pig:ment  of  the  pignented  lajrcr  of  the  retina  is  spanw  or  abun- 
dant, the  cnlor  ol  the  choriocapiikris  is  more  or  less  dearly  seen.  The  p%iiicot  of  the  cliartaid  itadf  is  often  seen  dia> 
tinrtly  in  dark  eyes,  usually  in  the  form  of  darker  lines  iir  spots  which  correspond  to  tlie  intir\als  Ulweeti  ihc  ihorioidal 
vessels.  In  contrast  ly  liie  gctieral  dtep-rcd  tolor  ol  the  posterior  surface  is  the  mut.li  ligluci,  rather  pale  grayish-red 
of  the  papOs  of  the  optic  nerve  ;  the  nerve  fibers,  wladi  hi  tliis  situation  are  destitute  of  medullar}-  sheaths,*  arc,  there- 
fore, transpaidtt,  but  the  cfanrioid,  being  absent,  does  not  senre  ns  a  attbsmtuni  bere,  the  whitish  sclera  (lamina  cribrosa) 
and  the  meduHated  fibers  of  the  optk  nerve  behind  the  lamina  cribrosa  forming  the  background,  wMch  is,  therefote, 
white,  especially  (lie  fiurt  (ii'hiiui  the  middle  nf  the  papilla,  where  there  is  a  deep  dejircssinn.  The  ]japilla  is  often 
surrounded  by  a  narrow,  dark  ring,  which  corresponds  to  the  borders  of  the  cborioidal  opening  and  is  known  as  chorioidal 
ting.  Prom  the  papilla  the  distribulioa  ol  tlie  retinal  vessel  in  the  rcdna  may  he  seen,  the  arteries  heing  Mnower  thu 
the  veins  and  haung  a  liroailer  reflection  band  in  the  nnddle.  On  the  temporal  side  of  the  papilla  the  iTTtlTTlIt  lata 
and  fo>'ea  centralis  may  t>e  seen,  the  surface  being  usually  more  pigmented  in  their  neighborhood. 

THE  GORTENTS  OF  THE  EYE8ALZ* 

The  contents  of  the  eyeball,  enclosed  by  the  three  tunics,  are  transparent,  partly  liquid, 
partly  solid  media,  the  most  important  of  which  is  the  crystalline  lens,  lying  in  front  of  the  e(juator 
of  the  eyeball,  behind  the  iris.  Between  the  posterior  surface  of  the  cornea  and  the  anterior 
surface  of  the  lens  is  ft  space  filled  by  a  watery  liquid,  the  a^eous  kumori  this  is  the  diambertrf 
the  eye  and  is  divided  by  the  iris,  whidi  projects  into  it,  ii^  an  amerlm'  and  posUriar  chamber. 
The  space  between  the  posterior  surface  of  the  lens  and  the  retina  is  oocu{tted  by  a  peculiar  tissue, 
the  vitreous  body. 

The  Anterior  Chamber  of  the  Eye. — The  anterior  chamber  of  the  eye  (Figs.  72Q  and  730) 
has  the  shape  of  a  segment  of  a  sphere.  It  lies  between  the  posterior  surface  of  the  cornea  and 
the  anterior  surface  of  the  iris  or,  in  the  region  of  the  pupil,  the  anterior  surface  of  the  lens.  The 
acute  angle  of  this  chamber,  which  is  formed  by  the  pectinate  ligament  between  iris  and  cornea, 

is  kno^vm  as  the  angle  of  the  iris.  F^Int c  iW  Iris  lies  only  loosely  n]>or  the  anterior  surface  of  the 
lens,  the  anierior  chamber  communicate^  directly  with  the  posterior  one.  Over  its  whole  extent 
it  is  covered  by  a  very  regularly  arranged  pavement-Uke  layer  of  connective-tissue  cells,  the 
eMd^kdhm  of  the  arUerier  chambet. 

The  Posterior  Chamber  of  the  Eye. — ^The  posterior  chamber  of  the  eye  (Figs.  729  and  730) 
is  much  smaller  than  the  anterior.  Tt  is  a  rinc-sha[>ed  spare,  houndeci  anteriorly  by  the  |)Osterior 
surface  of  the  iris,  [wsteriorly  by  the  anterior  surface  of  the  lens  and  the  zonula  ciliaris.  and 
externally  by  the  points  of  the  ciliary  processes  and  their  connections  with  the  zonula  ciliaris. 
The  transverse  section  of  the  space  is  triangular,  the  smallest  an(^e  facing  the  ax»  of  the  eye. 

The  CrystalliiM  Lena.— The  Uns  (Figs.  729,  730, 735,  736,  and  739  to  741)  is  a  transparent 
biconvex  body,  which  lies  between  the  posterior  surface  of  the  iris  and  the  anterior  surface 
of  the  vitreous  body,  closing  the  pupiL    It  |X)ssesses  n  slightly  cur\'cd  anterior  and  a  more 

*  Sometimes  the  fibers  of  the  optic  asrve  icmaiB  medulbtted  even  after  their  passage  through  the  lamina  Gribrosa. 
Sudi  flben  then  appeir  dose  to  the  papiBa  n  alBosl  pinv  white  boadlet  inthe  red  fmdat  of  the  eye. 
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I'lQ.  739. — The  lens  as  seen  from  in  front.    (Knlarged  six  times.) 
♦  —  Lens  star. 

Fig.  740.—  The  lens  as  seen  from  the  equator.    (Enlarged  six  times.) 

Fig.  741. — The  lens  equatorially  bisected  and  the  capsule  partly  stripped  off.    (Enlarged  six  times.) 


Strongly  cumd  posterior  surface^  which  pass  into  each  other  at  the  equaiar  of  the  lens,  forming 
a  convex  boider.  The  center  of  the  anterior  surface  is  known  as  the  (mUnor  pde^  that  of  the 

lx)sterior  surface  as  (he  poskHor  pole,  and  the  line  connecting  the  two  is  the  ax»  oj  the  lens.  Its 
length  dL[Knr1s  upon  the  condition  cA  acoommodatkm  of  the  eye  and  fluctuates  between  5.7 

and  4.4  mm.* 

The  true  substance  of  the  lens  is  completely  surrounded  by  a  homogeneous,  slightly  adherent 
cafsuh,  to  which,  in  the  region  of  the  equator,  the  fiben  ol  the  ciliary  zonule  become  attached, 

and,  on  the  posterior  surface  of  its  thicker  anterior  part,  there  is  a  simple  layer  of  cells,  the 
epithelium  of  the  lens.  Tlie  siil)stiince  of  the  lens,  enclo>~e(l  In-  tht-  capsule,  consists  of  a  rather 
tlrm  nucleus  and  a  softer  lorlical  subilumr.  which  merge  into  one  another,  however,  ami  arc 
both  formed  by  lens  fibers.  These  pass  from  the  anterior  to  the  posterior  surface  and  correspond 
to  the  curvature  of  the  surface  in  such  a  way  as  to  give  rise  to  radiating  seams  on  both  surfaces, 
each  of  which  consists  of  three  main  rays,  radii  of  the  lens,  which  form  a  Y'^ped  figure,t  whose 
liranrhcs  often  ^how  divi-ion';  and  forkings,  so  that  irregular  mulliraycd  stars  having  six  and 
nine  rays  may  o(  (  nr.  'I'hi'  limhs  of  the  Y  have  a  different  fxisition  on  the  anterior  and  |x»ti  rior 
surfaces,  being  inverted  anteriorly  and  creel  i)osteriorly.  The  anterior  surface  ol  the  lens,  as 
already  indicated,  is  in  relation  with  the  pupil  and  the  antorior  chamber  of  the  eye,  and,  more 
peripherally,  with  the  posterior  surface  of  the  iris.  The  fibers  of  die  aoni^  dliaris  are  inserted 
in  the  region  of  the  equator,  which  is  indirect  relation  with  the  ciliary  zonule,  but  is  about  i  mm. 
distant  from  the  points  of  the  ciliary  processes.  The  jx)sterior  surface  of  the  lens  lies  in  a  depres- 
sion of  the  vitreous  body,  the  hyaloid  jossa.  The  lens  is,  dcvelopmen tally,  a  purely  epithelial 
strw^ure,  and  neither  nerves  nor  bk»d-v<ssek,  sharing  this  peculiarity  with  only  a  few 

tissues  ol  the  human  body  fenamel  of  the  teeth). 

The  Vitreous  Body  and  the  Zonula  Ciliaris. — According  to  their  development  the  vitreous 
body  Juid  the  zonule  are  closely  rdatwl,  the  latter  In-ing  merely  a  special  formation  of  the  vitreous 
body,  'logether  they  completely  fill  the  principal  cavity  of  the  eyeball,  lying  behind  the  lens 
and  the  ciliary  body. 

The  vitreous  body  (Fig.  730)  is  a  sphere  whose  anterior  surface  is  slightly  flattened  and  presents 

a  depression,  the  hyaloid  fossa,  for  the  reception  of  the  ix>sterior  surface  of  the  lens.    It  consists 
of  a  waterv  liquid,  the  'i.-ilrcotis  liumor,  di>lri!Hitn!  in  the  me^he'^  of  a  delicate  network,  the  vitreous 
stroma,  this  latter  thickening  over  the  whole  -urfaee  of  llic  vitreous  body  to  form  a  firm,  hyaloid 
membrane,  which  lies  upon  the  inner  surfat  e  of  the  retina  and  is  loosely  connected  with  it. 
The  distribution  of  the  vitreous  humor  in  the  stroma  gives  a  gelatinous  oonnstency  to  the 

*  In  focnarinii;  the  lens  for  dtetaace  the  length  of  the  axis  is  3.7  nun.  and  the  ndhis  of  the  snterior  imUxK  6  nam.; 

in  f  i(  ussini;  f  sr  .1  m  ar  object  the  lens  thickens,  the  length  of  the  axis  154.4  i"^  ■  1'"  i^a  liu'^  if  the  anterior  surface  5.?  mm  . 
and  of  the  posterior  surface  5  mm.    Thus  in  the  latter  focus  it  i«  the  curvature  of  (he  anterior  surface  which  wics  most. 

tThis  figure  becomes  very  evident  when  the  lens  is  subjected  to  a  certain  amount  of  WAOClMiOtl  VoA  when  the 
cement  aufaatance  between  the  fiberc  begins  to  dissolve.  Then  the  rays  become  fiiaures. 
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entire  body.  UTiilc  in  its  fully  developed  condition  the  vitreous  body  is  devoid  of  vascular 
supply,  it  does  contain  blotxl-vessels  in  the  embryo,  I'specially  a  small  artenf  passing  from  the 
region  ol  the  papilla  of  the  optic  nerve  to  the  posterior  surface  of  the  lens,  the  hyaloid  artery, 
which  is  a  prokxigatioii  of  the  central  artery  of  the  retina  (sec  page  261).  It  lies  in  die  hyaloid 
canal,  which,  even  after  the  obliteration  of  the  artery,  is  still  reoognizable. 

The  riliar}'  zonule  (zonule  of  Zinn)  (Figs.  730,  733,  735,  and  "jTfi)  is  the  ring-shaped,  delirate 
and  tran  'Kiront  suspensory  apparatus  of  the  lens.  It  is  closely  connected  with  the  hyaloid 
membrane  and  consists  of  meridional  zonular  fibers,  which  are  very  tine,  but  strong,  and  have 
thdr  origin  iiom  the  whole  width  of  the  orbkulus  dliaiis,  being  closely  connected  with  the  ceUs 
of  the  dliaiy  ptrt  of  the  zetma.  At  the  posterior  ends  of  the  dfiaiy  peoceases  die  fflbeis  <tf  the 
zonula  collect  into  close  bundles  which  course  toward  the  lens  through  the  furrows  between 
the  ciliary  processes,  being  strengthened  by  a  few  fibers  coming  from  the  lateral  border  of  the 
ciliary  processes  and  folds,  and  after  decussating  with  one  another  arc  inserted  into  the  capsule 
of  the  lens  m  the  rqpon  of  the  equator.  The  attadiment  of  the  loiiiila  fiben  b  not  Gnuted  to 
the  actual  equator  of  the  lens,  but  ertends  ako  upon  the  nei^boring  portioos  of  the  posterior 
and  especially  the  anterior  surface,  die  fibers,  as  they  diverge  toward  their  insertion,  leaving  iela> 
tivcly  wide  spaces  between  them,  called  zonular  spaces^  which  contain  aqueous  humor,  since 
they  are  in  communication  with  the  posterior  chamber. 

THE  BLO0D-YRS}B!r.S  AND  NERVES  OF  THE  EVEBALL. 

In  addition  to  the  optic  nerve  and  the  central  retinal  vessel  enclosed  within  it  (page  261), 

a  number  of  vessels  and  ncn'cs  pass  to  the  eyeball  and  ramify  in  its  coats  and  especially  in  the 
va-nilar  coat.  Since  the  retina  (optic  portion)  has  its  own  vessels  entering  with  the  optic  nen'e, 
and  the  cornea  is  entirely  devoid  of  vessels,  while  the  sclera  is  but  poorly  provided  with  them, 
the  distributioii  of  die  bkod-vessels  of  the  eyeball  is  almost  limited  to  die  tunica  vascuksa,  whence 
lis  name. 

THE  BLOOD-VESSELS  OF  THE  EYEBALL. 

The  nutritive  arterie';  of  the  eyeball  are  knowTi  as  the  ciliary  arteries  (Figs.  743  and  744) 
and  arise  from  the  ophthaimic  artery  (page  31),  partly  directly  as  the  posierior  ciliary  arteries, 
partly  ndhtecdy  from  Its  muscular  brandies  as  the  (uOerior  c&iary  arteries.  The  posterior 
ciliaiy  arteries  are  much  the  stranger  and,  lying  dose  and  almost  parallel  to  the  optic  ner\'e, 
they  pass  through  the  capsule  of  Tenon  (see  page  265I  and  divide  into  (1)  branches,  which  after 
a  short  course  jjierce  the  sclera  in  the  posterior  part  of  the  eyeball  and  at  once  ramify  in  the 
chorioid  (,the  short  posterior  ciliary  arteries,  tiftecn  and  twenty  in  number),  and  (2)  into  two 
bmg  p&Owkr  cSiary  orteHes,  which  also  ^erce  the  sdeia  in  the  vicinity  of  the  entcsnce  of  the 
optic  nenre,  birt  then  pass  to  the  dliaiy  body  along  the  horisontal  meridian  of  the  bulb,  one  on 
the  nasal  and  the  other  on  the  temporal  side,  in  the  outer  layer  of  the  chorioid. 

The  ?hort  pjostcrior  ciliary  arteries  are  the  arteries  for  the  chorioid  proper,  while  the  long 
ciliary  arteries,  together  with  the  anterior  ciliaries,  supply  the  ciliary  body  and  the  iris.  Their 
capillary  distribntioa  also  diffcn  In  that  die  short,  posterior  dliaty  arteries  form  the  dioriocap> 
illaris  (pag^  351),  which  b  in  dose  contact  widi  the  retina  and  is  laigdy  responsible  for  its  nutrition, 
but  is  absent  in  the  anterior  part  of  the  bulb^ 
111—17 
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The  anterior  ciliary  arteries  arc  branches  of  the  muscular  rami  to  the  recti  muscles  of  the 
eyeball  (page  264),  and  pierce  the  sclera  near  the  insertion  of  their  tendons,  that  is  to  say,  near 
the  sclerocomeal  junction  and,  with  the  long  posterior  ciliar)'  arteries,  supply  the  iris  and  ciliary 
body  in  such  a  way  that,  in  the  first  place,  by  anastomoses  with  the  branches  of  the  long  posterior 
ciliary  arteries  at  the  base  of  the  iris  they  form  an  arterial  ring  known  as  the  greater  arterial  circle 
oj  the  iris,  and  secondly,  near  the  pupillary  border  of  the  iris  they  form  a  second,  smaller  vascular 
ring,  which  usually  is  incomplete  and  is  termefl  the  lesser  arterial  circle  oj  the  iris.  This  arises 
by  transverse  anastomoses  of  vessels  arising  from  the  major  circle  and  passing  radially  through 
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Fio.  742. — The  plan  of  the  blood-vessels  of  the  retina  of  the  right  eye. 

the  iris,  and  from  it  branches  pass  to  the  ciliary  muscle,  which  is  also  supplied  by  direct  branches 
of  the  anterior  ciliary  arteries,  and  to  the  ciliary  processes.  The  region  of  the  orbiculus  ciliaris 
is  completely  devoid  of  capillaries,  while  in  the  region  of  the  ciliary  body  a  wide-meshed  network 
is  formed  in  the  ciliar>'  muscle  and  a  narrower  one  in  the  ciliar}'  processes. 

The  veins  of  the  tunica  vasculosa  are  four  to  six  rather  large  stems,  formed  in  the  region 
of  the  equator  of  the  eyeball  by  the  union  of  numerous  small,  radiating  branches  which  come 
from  the  |X)sterior  surface  of  the  eye,  as  well  as  from  the  cilian,'  Ijody;  these  stems  arc  the  vorticose 
veins,  and  pierce  the  sclera  obliquely,  a  little  behind  the  equator,  in  order  to  empty  into  the  ophthal- 
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mic  vein  (superior  or  inferior,  sec  page  87).  In  addition  there  are  also  anterior  and  posterior 
ciliary  veins,  but  these  are  much  smaller  stems.  The  anterior  ones  form  the  scleral  venous 
sinus  (page  249). 


.-Marginal  loop 
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Fkj.  743. — The  blood-vessels  of  the  eyeball  diagrammatically  represented.    (After  Th.  Leber). 

There  arc  no  special  lymphatics  in  the  eye,  so  far  as  is  known.  In  their  place  there  are 
extensive  lymph  spaces,  in  which  must  be  includtxl  the  anterior  and  posterior  chamber  of  the 
eye  and  the  zonular  spaces;  the  perichorioideal  space  (page  251)  is  also  a  lymph  space,  and  perhaps, 
too,  the  hyaloid  canal. 
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THE  NERVES  OF  THE  EYEBALL. 

The  nen'es  passing  to  the  eye  are,  in  addition  to  the  optic  (see  page  261),  the  long  and  sliori 
ciliary  nen'es  (see  jjages  197  and  198).  They  are  partly  motor,  partly  sensory,  and  partly  va.so- 
motor,  and  arise  from  the  oculomotor,  trigeminal  (the  nasociliary  branch  of  the  ophthalmic  ner\-e) 
and  sympathetic  nenes.    They  penetrate  the  sclera  with  the  posterior  ciliarv*  arteries  in  a  circle 


cilUiry  arUrits       papiUtj     (ilUtry  artery 
Fig.  744. — The  blood-vessels  of  the  eye-ball  (diagrammatic). 

around  the  optic  nen-e  (Fig.  731),  course  with  the  long  posterior  ciliary  arteries  on  the  external 
surface  of  the  chorioid,  making  numerous  anastomoses  with  one  another,  and  pass  to  the  ciliary 
body,  where  they  form  on  the  ciliary  muscle  the  ciliary  ganglionic  plexus,  rich  in  ganglion  cells 
(sympathetic).    From  this,  fibers  pass  to  the  ciliary  muscle,  the  iris,  and  the  cornea.    Th?  motor 
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libers  for  the  sphincter  pupQlK  arise  from  the  oculomotor,  while  those  of  the  dilator  are  from 

the  sjTnpathctic  nen  e. 

The  Optic  Nerve.— The  oplit  ntne  (Figs.  729,  730,  and  745  to  747)  arises  from  the  optic 
chiasma  (see  page  154);  in  all  its  xdations  it  is,  like  the  retina,  a  projecting  part  of  the  brain,  as 
can  be  seen  from  its  devdopnent  (see  bekw).  Among  other  things,  the  menii^ies,  the  dura, 
as  well  as  the  pia,  are  continued  uj>on  it  and  accompany  it  to  the  eyeball. 

While  the  nerve  is  slightly  flattened  in  its  short  course  within  the  cranium,  from  the  optic 
foramen  to  its  entrance  into  the  eyeball  it  has  an  ahnost  perfect  cylindrical  shape,  its  diameter 
being  about  4  nun.  Li  passing  through  the  optic  fionunen  it  courses  above  and  medial  to  the 
ophthalmic  arteiy  (see  page  263),  and  is  surrounded  by  Uie  orightt  of  the  recti  musdes  of  the 
eyeball  and  their  tendinous  anndus  (see  pagp  31).  Then,  imbedded  in  the  htty  tissue  of  the 


fte.  745. — cw  ■Bction  of  the  op«ic  Mrve. 


oibit,  it  passes  hi  the  axis  of  tiie  musde  pyrsnid  to  fhe  medial  (nasal)  portion  of  the  posterior 

part  of  the  eyeball,  its  cour>f  in  the  orbital  cavity  not  being  quite  straight,  but  describing  a  slight 
$  shaped  cur\e  in  the  horizontal  plane,  first  bending  laterally,  then  back  again  into  ihv  axis  of 
ihf  muscle  cone,  and  finally  making  a  very  short  lateral  henti  just  before  enterinu  the  eye!);ill. 
Xor  does  it  pass  from  the  optic  foramen  to  the  eyeball  in  the  horizontal  plane,  but  is  inclined 
somewhat  upward,  since  its  pdnt  of  entrance  into  the  eyeball  is  on  a  sli^tly  higher  level  than 
the  optic  foramen.  At  a  dutance  of  10  to  ta  mm.  from  the  eyeball*  the  central  vessels  of -the 
retina  enter  the  optic  nene  and  pass  in  the  center  of  the  nerve  trunk,  surrounded  by  connective 
tissue,  to  the  papilla,  where  they  form  the  blood-vt-ssels  of  the  retina  (pacje  254V    The  entrance 
of  the  vessels  is  in  the  lower  and  lateral  part  of  the  ner\'e  tnmk.    Then  the  ner\  c  passes  through 
the  rdativdy  wide  openmg  in  the  posterior  potion  of  the  capsule  ot  Tenon  (see  page  266),  and, 
on  entering  the  sderotic  lamma  cribrosa  Q»ge  349),  its  fibeis  lose  their  mcdullsry  sheaths,  so 
*Tbe  kflgth  of  the  portion  of  the  optic  nem  lying  in  die  ortit  ii  nlmit  93.5  mm. 
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Fig.  746. — A  horiznnt.il  section  of  both  orbits. 
The  scctiua  has  been  carried  sumcwhat  ubliqitely  posteriurly,  in  order  to  show  tbe  entire  length  of  both  optk  ncrtTS. 

FiG>  747.— The  two  ^eballs,  with  their  optic  aerves^  from  a  cMd. 
Til  L-  orMt  s  h.\vi  been  fndy  opeoed  {nun  ftbow  and  their  entire  contents  mnoved  with  the  esusefilloii  of  tbe  eyeballs 

and  the  optic  nerves. 

FiG.  748. — The  ocular  muades  seen  from  the  outer  side. 
The  (tuirr  wall  o{  the  orbit  and  the  other  orbital  contents,  including  the  taaam  aXiA  ibcejre-tids,  bam  been  removed. 

The  greater  portion  of  tbe  levator  palpebrx  superioris  has  been  retained. 

ViG.  749. — The  ocular  mtisdes  seen  from  the  outer  side. 
Dieeection  aa  in  Fig,  748.   In  addition,  the  vectua  laterslU  and  the  ijpdc  nerve  have  been  divided  and  the  eye-ball 
baa  been  rotatadavth^itapoMerior  pole,  with  the  atump  of  the  epttcoerv^  The  gpeatar  portiim 

cf  the  kvslor  palpebne  auperforia  haa  been  removed. 


that  the  nerve  becomes  decidedly  thinner,  its  terminal  portion,  ending  in  the  pajaUa  of  the  optic 
nerve,  having  a  somewhat  tapering  appearance.  Hie  nerve  then  jaaoes  the  diorioid  and  passes 
directly  over  into  the  retina  (see  pape  253V 

The  coats  01  the  optic  nerv  e  are,  as  already  stated,  the  direct  continuations  of  the  meninges 
and  are  called  duolks  0}  the  opik  nmfe.  Widiin  ib»  cranium  the  nerve  is  sunounded  only 
by  the  pia  mater,  the  so-called  puU  ahealk,  but  at  the  optic  foramen  the  encephalic  dun.  mater 
(see  page  188)  is  prolonged  as  the  dural  sheaih  over  the  whole  length  of  the  optic  nerve  and  becomes 
attacherl  to  tho  sclera,  while  between  the  pial  and  dural  sheaths  the  encephalic  arachnoid  extends 
along  the  ner\'e,  forming  the  arachnoideal  sheath.  The  inlervaginal  spaces  lying  between  the 
nerve  sheaths  correspond  to  the  spaces  between  the  meninges  and  are  in  direct  communication 
with  them,  and,  in  addition,  a  lymph  space,  the  supravaghud  space,  surrounds  both  the  optic 
nerve  and  its  sheaths.  The  fibers  of  the  optic  ner\'e  imdeigo  an  incomplete  decus-sation  in  the 
optic  rhiasma  fse<'  {mge  154),  the  fibers  arising  from  the  temporal  side  of  the  retina,  remaining 
uncrossed.  The  bundle  of  fibers  which  comes  from  the  region  between  the  papilla  of  the  ner\e 
and  the  macula  lutca  has  a  definite  location  in  the  nerve;  it  is  known  as  papiUomacular  bundle 
and  lies  on  the  temporal  side  of  the  nerve  near  the  eyeball,  but  in  the  center  of  the  nerve  in  its 
otraForbital  poMion. 


.\s  regards  the  dcvi  lopm.  r.t  of  thr  rvr^all,  irs  first  indication  is  the  so-<"alle<l  primary'  ophthalmic  vf^idc.  Tliii 
is  a  vesicular  projection  nf  tliv  ijjrin»r\ )  aiiu;iu.-  brain  vesicle,  and  in  the  further  course  of  development  it  bci  uons 
stalked  and  approaches  to  the  outer  surface  of  the  head.  From  the  stalk,  which  connects  the  vesicle  with  the  cerebrum, 
the  optic  nerve  devek^s;  from  the  vcside  iteeU,  the  internal  coat  of  tbe  eye.  In  the  ftirther  developnacnt.  tbe  previously 
almost  spherical  vende  becnmes  bvaginatrd  on  its  outer  surfare,  so  that  there  Is  formed  a  double-walled  eap,  tbe 

S'>-call'  <l  sr<  i>ndary  ophlli:iIini  vesicle  or  the  tif>!i'lui'm:i'  <ri,'vfu/nT.  'I'lu'  iiir.rr  l.imin.i  <>f  lln  fu]>  is  M')>;ir.ilcii  frmis  the 
outer  one  only  by  a  deft,  and  the  former  thickens  during  further  development  to  form  the  optic  portion  of  the  retina, 
vrUleila  anterior  part  fomu  the  ciliary  portion.  Fnim  the  outer  iatidna  the  ptgmetit  epitbdiam  is  fonBed.  Both  laycra 
pass  inii  nnr  nnnthr'  it  thf  n:  <  ninK  of  the  calvx  as  thev  do  all  through  life  at  the  [lurnMnr  Ivtrdcr  of  the  tris.  The  ophthal- 
mic t  il  .i  iiliis  [l  is  :\  slit  on  its  inferior  surface,  the  fa-tal  ocular  fissure,  through  wliicli  li>c  neighboring  biood-vessels  enter 
the  cu]'  at,<l  ir.ivrrse  the  vitreous  Ixxly,  which  develops  later. 

or  the  otiier  parts  of  the  eyeball  the  lens  also  is  developed  from  the  outer  genninal  layer  as  a  ddckeiung  of  the 
«Tnhr\-onic  epidermis,   ft  becomes  constricted  off  from  the  parent  layer  and  comes  to  lie  in  the  openint;  of  the  calvculut, 

re  iis  <  1  lire  tr:i:isr. irnied  into  lens  filx-rs  .iiiil  ;ir'i<l;irf  fa^  .i  i  ulii  ular  formation)  t?u  hi m-.i ij^iTii-- lus  lapsali-  Thr 
first  traces  uf  the  vitreous  body  and  the  ciliary  zonule  are  formed  from  the  retina,  the  fibers  of  both  being  processes  from 
the  Kliiu]  calla^  bnt  later,  blood-veflsds  growing  througb  Oe  f«tal  octilar  fiMutc  into  the  interior  of  the  eye,  form  the 
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hyalmd  artery  and  the  vascular  capsule  0}  the  lens,  which,  as  the  pupUlary  membrane,  also  covers  the  Mtcrior  trnface  of 
the  lou,  but  which  later,  after  the  domu«  of  Ui«  <Kulikr  fisraiv,  diw|^^  The  vaacuJar  andfibrauatiraksaie 

fanned  ficni  the  cmbiyMiiCincwiichTiiie.  The  came*  is  M  first  oidy  » trwutorattd  portloa  «t  the  filMiis  tai^ 
whkh  ihe  eyeSda  groir  at  a  imidi  later  stai^> 

AcxzssoRY  Organs  of  the  Eye. 

IHE  BOIOR  APPARATUS  OF  THE  EYEBALL. 
THE  MUSCLES  OF  THB  EYE. 

The  movements  of  the  fwball  arc  iwrformt'd  by  six  muscles,  four  of  which  are  straight,  the 
recti  muscles,  and  two  oblique,  ihc  oblique  muscles  ^t  igs.  546,  547,  6S2, 083,and  748  to  761).  'i  ijc 
four  reed  have  many  features  in  common;  the>'  are  long,  flat  muscles,  nanow  posterioriy  and 
brood  anteriorly,  having  a  straight  course,  and  they  are  inserted  by  short,  narrow,  Bat  tendooa, 
about  I  cm.  wide,  at  almost  regular  intervals  from  one  another,  into  the  eyeball,  anterior  to  the 
equator  and  posterior  to  the  sdetocoroeal  junction.  The  two  oblique  muscles  are  my  different 


FlO.  750. — The  plan  of  the  inaertlons  of  the  eight  ocular  muscles  as  seen  :  a,  From  atovc  ;  b,  frwm  the  inntr  side  ;  c, 
from  bdvfr ;  d,  bam.  the  outer  side. 

from  one  aiwther,  their  only  common  features  beii%  their  oblique  course  and  their  insertion 
behind  the  equator. 

Of  the  six  muscles,  five  have  a  common  origin  at  the  optic  foramen,  when  thr\  ari-^t-  by 
short  tendons  from  a  rin^',  the  rontmon  tendinous  annulus  (annulus  of  /.inn  ),  wliich  -urrounds 
the  optic  ner\c.  With  these  five  is  associated,  at  its  origin,  the  levator  palpebra*  superioris  (^see 
page  266). 
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The  superior  rectus  (Figs.  748  to  756,  and  758  to  762)  is  the  weakest  and  thinnest  of  all  the 

eye  muscles;  it  passes  with  the  levator  jjaljKbra'  superioris,  largely  coverefi  by  it  and  partly  in 
closi-  contact  with  it,  over  the  surface  of  the  optic  nerve  and  the  upper  quadrant  of  the  l>ulb,  to 
its  in-scriion  just  in  front  of  the  etjuaior.  The  lateral  part  of  its  tendon  is  separated  from  the 
conical  border  by  a  greater  distance  than  the  medial  part,  whidi  reaches  ahnost  to  the  cornea. 

The  {uBClioa  oi  ihu  mvicle  it  to  move  the  ABteiiar  part  of  tlie  eyclmll,  that  »  to  say,  the  cornea  and  |iupil,  up 
•nd  at  the  MBW  lime  a  little  temponlwarda.  It  iiiaiiermted  fay  tlx  wpeiiarliniieh  of  the  oculomotor  ncrre. 

The  meHiil  rectus  (Figs.  749  to  75 1, 753  to  760,  and  763)  is  the  stroogest  of  aU  the  eye  musdes, 

but  as  regards  its  length,  it  is  shorter  than  the  superior  rectus  and  hss  a  veiy  short  tendon,  the 
shortest  of  all;  its  tendon  is  inserted  nearest  to  the  l)orrltr  of  the  comea,  alonfr  a  line  almost 

exactly  parallel  with  the  equator,  the  muscle  lying 
almost  in  a  sagittal  plane. 

It  tumt  the  ejrebaJi  medially  atid  is  innervated  by  tbc  in> 
ferior  bnnch  of  the  oaikanoior. 

The  laterdt  rectus  (Figs.  74S  to  760,  and  762) 
does  not  lie  exactly  sagittally,  as  does  the  medial^ 

but  deviates  a  little  from  the  sagittal  plane.  Al- 
though its  insertion  is  further  away  from  the 
periphcr)'  of  the  comea  than  that  of  the  medial,  it 
must  necessaiily  be  knger  than  it  (because  the 
orbital  axes  conveige  postmorly);  however,  its 
greater  length  is  due  entirely  to  the  length  of  the 
slightly  narrower  tendon,  the  muscle  substance 
itself  being  even  a  little  shorter.  The  insertion  of 
the  tendon  is  in  a  line  paralld  with  the  equator 
and  is  a  little  further  bom  the  border  of  the 
oosnea  than  that  of  the  medial.  Like  the  pre- 
ceding muscles,  the  lateral  rectus  arises  mainly 
from  the  common  tendinous  annulus,  but  it  also 
has  a  smaller  tendinous  origin  (lacertus  oj  the  lat- 
er^d  rectus)  from  the  bolder  of  the  superior  orbital 
fissure  (spine  for  the  lateral  rectus  muscle,  see  Vol.  I.,  pag^  50). 

The  muscle  torn  the  eye  litenlly  and  Is  iuwmted  by  the  abdncena  nerve. 

The  tnferior  rectus  (Figs.  748  to  755,  and  758  to  761)  lies  on  the  hifeiior  surface  of  the  eyeball, 
not  exactly  opposite  to  the  superior  rectus,  hut  just  as  the  latter  deviates  temporally,  so  does 
the  inferior  deviates  nasally.  The  same  holds  true  for  the  moderately  long,  rather  narrow  tendon , 
whose  inser'ton  is  ohltnur,  li':e  that  of  the  superior  rectus,  only  in  the  opiX)site  direction  (the 
lateral  portion  of  the  tendon  being  more  iX)slerioriy),  and  approaches  a  little  nearer  the  border 
of  the  comea.  The  muscle  is  the  shortest  of  all  the  recti;  nevertheless  it  is  stronger  than  the 
superior  rectus. 


Fig.  751. — The  plan  of  the  inserlions  of  the 
recli  into  ihi-  right  eyeball.  The  measurements  of 
the  tendoai  and  the  distances  from  the  corneal 
margin  have  been  inserted  according  to  Merkel- 
Kalliu-s  (Graefc-Sacmiscb'R  ir'Hidhurh'' .  The  ir-u"; 
cIcB  have  been  shaded,  ri  -  Rectus  inferior,  r/  - 
rectus  lateralis^  rw- rectus  mcdlalls,  r*«- rectos 
anperior. 
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The  muscle  tunw  tbe  anterior  half  of  tlie  eyelall  doMnnid  and  al^^y  imhUjt,  Mid  b  Inncraled  by  die  iafierior 

branch  ni  the  fKulomoirir. 

The  distance  of  ihc  imifldle  imni  of  the)  rccli  tindoitf;  from  the  bonli-r  of  the  eomca  is,  on 
the  average,  7.7  mm.  for  the  suixrrior,  5.5  mm.  lor  the  medial,  6.9  mm.  for  ihe  lateral,  and  6.5  nun. 
for  the  inferior  rectus.* 

The  superior  oblique  (Figs.  7.49  to  756,  758  to  760,  762,  and  763)  arises,  together  with  the 

recti,  from  the  optic  foramen  !meili;il  bortler)  and  from  the  dura!  sheath  of  tlie  o[)tic  ncr\-e,  and 

courses  forward  as  a  slightly  flattened  musrle  in  the  upper  half  of  the  nasal  side  of  the  orbit,  and 

in  the  jnter>'al  between  the  superior  and  medial  rectus,  lying  dose  to  the  [Kriorbita  and  separated 

fnxn  the  eyeball  by  the  adipose  tisstie  of  the  orbit.  The  muscle,  thenfore,  is  not  directed  at  first 

toward  the  eyeball,  but  behind  the  trochlear  depression  or  spine  of  the  frontal  bone  (Vol.  I., 

page  61)  it  passes  over  into  a  cylindrical  tendon,  which  winds  through  a  fibrous  or  fibrocarti- 

laprinous  pulley,  the  trochlea  of  the  superior  oblique,  attached  to  the  frontal  bone  in  this  region, 

from  which  it  is  separated  by  a  small  mucous  bur^a,  the  irochkar  bursa.    From  the  trochlea  the 

tendon  passes  obiUqudy  backward  and  laterally,  gradually  broadening  and  thmniwg  ts  it 

approadtes  the  bulb;  it  crosses  the  superior  rectus  (^Mssing  below  it),  and,  greatly  widened,  is  in- 

s^ted  behind  the  equator  of  the  bulb,  a  good  coitimeter  behind  the  superior  rectus,  along  an 

oblique  h'ne,  which  lies  largely  on  the  temporal  side,  almost  parallel  to  the  axis  of  the  optic  nerve. 

The  pull  tA  ihe  superiar  oblique  is  quite  diSerent  from  the  course  of  tbe  muscle,  corresponding  more  to  tbc  course 
of  its  tendon.  It  tunis  the  posterier  ball  of  the  rjt  upward  and  Basslly  (tbe  pupil  dowoWaRl  and  latoally).  It  to 

fanerx'ated  by  the  trochlear  nerve. 

The  injcriar  oblique  (Figs.  745  to  755,  758  to  763,  and  765)  is  the  only  one  of  the  six  mu>eles 
which  arises  from  the  anterior  part  of  the  orbital  cavity,  from  the  superior  maxilla,  in  the  ixjste- 
rior  region  of  the  infra-orbital  margin  below  the  fossa  for  the  lachrymal  sac;  it  is  narrow  and  has 
a  short  tendon  of  origbi.  It  courses  obliquely  below  the  lower  half  <A  the  eyeball,  broadening 
out  a  little  as  it  goes,  crosses  the  inferior  rectus,  lying  between  it  and  the  lateral  rectus,  and  passes 
to  the  temporal  side  of  the  posterior  hemisphere  of  the  eyeball,  where  it  is  inserted  op|x>site  to 
the  tcmlon  of  the  superior  rectus,  but  with  a  narrower  and  much  shorter  tendon,  along  an  oblique 
line,  which  makes  an  acute  angle  with  the  axis  of  the  eye.  It  is  by  far  the  shortest  of  all  the 
eye  musdes;  its  tendon  is  usually  rather  short. 

The  muscle  moves  the  posterior  hemisphere  of  the  eyeball  do«-nward  and  medially  and  at  the  same  time  a  little 
tewacd  (the  pupil  upward  and  Uteially),  and  with  the  auperiar  oblique  it  turns  tbe  tndb  principally  about  a  sagittal 
uA.  It  to  supplied  by  the  infcrior  bmxh  of  the  ncukmolDr. 

The  vft  muscles  are  endosed  by  musde  fasdtt  for  the  greatest  portion  of  thdr  length,  those 
associated  with  the  recti  and  the  superior  oblique  becoming  much  tbhmcr  posteriorly,  iriiile  ' 

the  stronger  anterior  portions  are  a  direct  continuation  of  the  capsule  of  Tenon  (see  below). 
Only  the  superior  obli(jue  has  an  evenly  thick  sheath  ihrouirhniit  its  knn;th.  Processes  pass  out 
from  the  muscle  fasciae,  especially  from  that  of  the  levator  palpebra*  superioris  (see  below),  and 
attach  themselves  to  the  bony  wall  of  the  anterior  part  of  the  orbital  cavity  and  to  the  trochlea. 
On  the  attachment  of  the  fascial  sfips  to  the  lateral  part  of  the  oibital  opening  is  the  superior 
lachrymal  gland. 

*  The  statistka  giweo  by  diffemit  ohnrvtri  wy  cooiidnmMy,  and  undoubledly  there  are  coniidcralile  Individval 

variatioos. 
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FlO.  752. — The  ocular  muscles  as  seen  from  in  front  and  from  the  outer  side. 

The  ilun,  eyelids,  and  faida  h&ve  been  removed.  In  addition  to  Uie  c^'cboQ  and  Uie  muadea  only  tbe  upper  lacbfT- 
mal  f^nd  and  a  ponioa  of  the  orUta!  fat  have  been  retamed. 

Fig.  75  5 — The  tyil/all  with  the  stumps  of  the  <Kular  muscles  as  seen  from  in  front. 

Fig.  754.— Tbe  eyeball  with  tbe  stumps  of  the  ocular  muscles  as  seen  from  below  and  from  behind. 

Fic.  755.— -The  eyeball  with  the  stumps  of  the  ocular  muades  a$  seen  from  above  and  bom  bd^nd. 

V'lK--   7<-'  to  735  arc  ;i>iui  "nr  tliini  I.ir^;rr  tli.in  the  natural  liae. 

Fig.  756. — The  muades  of  tlic  orbit  :jcen  from  above. 

The  auperiidal  layer  b  duMrn  upoo  tbe  left  aU^  only  the  roof  of  tbe  orUt  aod  tbe  peri-orbital  faada  having  been 

rt-mo-.Tt*.   The  (]vcy.  •.nvrr    'ihmxtx  \i]xm  the  right  Mei  the  greater  portioa  of  the  levator  polpebnenperioiB  has  been 

removed,  together  with  the  orbital  faL 

Fic.  757. — A  horiaontal  section  of  both  orbits. 

*  irii. 

Fig.  758. — A  fruiilal  i^'ctiuji  uf  the  righi  urbil  in  tiie  region  uf  llic  puslcrior  third  of  the  eyeball.  Seen 

from  in  front  and  enlarged  about  one-third. 
Fic.  JS9* — A  frontal  section  of  the  right  or!^it  hchind  the  eyeball.  Seen  from  in  front  and  enlarged 

about  one-third. 

Fic.  7(So.— The  origins  of  the  muscles  of  the  right  orbit  at  the  optic  fonunen.  (Enlarged  about 

one-third.) 

The  orbital  caviiv  h.is  Ucu  SA»n  in  the  frorital  pl.anc  and  the  j»osti"ri«ir  scctiort  is  viewed  from  in  front.  The  optic 
nerve  is  divided  dose  to  the  optir  fonimen;  the  Mump!>  of  the  muiclcft  situ-itrd  atxiut  the  optic  nerve  haw  been  retained 
in  different  lengths.    ()nly  the  lower  brant h  of  the  oculomotor  nerve  has  licen  left  in  situ. 

Fig.  761.— a  sagittal  section  of  the  orbit  with  the  eyeball,  somewhat  diagranuiialic  in  reference  to  Tenon's 
capsule  (according  to  H.  Virchow).    (Enlarged  about  one-tbird.) 

*  ^  Site  of  the  firm  amnect^  of  the  capiule  ivith  the  muacte. 


The  Capsule  of  Tenon. — The  capsule  of  Tenon  or  jascia  btdbi  (Fig.  758,  761,  and  762)  is 
a  hollow,  spherical  structure  composed  of  connective  tissue,  in  which  the  posterior  hemisphere 
of  the  bulb  is  located  and  nwves,  and  by  which  the  eyeball  is  separated  from  the  adipose  body  of 
the  orbit.  The  anu  rior  thickened  end  of  the  fa.scia  ends  at  the  conjunctival  fornix.  The  capsule 
i<  p<"notratcd  (i)  by  the  optic  ner^'c,  antl  ::>'i  1)V  (In-  trnrlons  of  (he  six  eye  rnusclo-^.  Tho  optic 
ner\e,  together  with  the  ncr\'cs  and  vcsseLs  which  accompany  it  (the  ciliary  arteries  and  nerves), 
perforates  the  posterior  tbin  part  of  the  capsule  through  an  irregularly  roimd  hole;*  the  muscle 
tendons  t  pierce  the  capsule  through  slit-like  openings  which  have  a  very  oblique  directioii. 
From  the  perforating  tendons  the  fascia  buibi  exteiyis  backward  as  a  strong  fascia  ujwn  the 
adjacent  parts  of  the  muscles  and  becomes  coDthiuous  with  the  fascia  of  the  muscle  a  short  dis- 
tance hrhind  the  slit  in  the  capsule. 

The  capsule  of  Tenon  docs  not  rest  directly  on  the  eyeball,  but  is  separated  from  it,  throughout 
its  whole  extent,  by  a  nairow  space  fiUed  with  areolar  ooimective-tiasue  and  known  as  Tenon's 
space  or  the  nUerfasekl  space.  Anteriorly,  this  space  extends  to  the  conjunctiva  of  the  bulb,  but 
whether  it  goes  over  into  the  supravaginal  space  (see  alwvr')  p   -  ri orly.  has  not  been  determined. 

The  Remaining  Musculature  and  the  Fascia  of  the  Orbit.— Beside  the  si.\  miisck"^  mov 
ing  the  eyeball,  tlu     i-  still  another  volunlan.'  muscle  in  the  orbit,  the  In^alor  palpebrte  iuptriuris. 

*  According  to  ..t  Mili.  r  view  the  jtostcnor  cnti  of  the  lajisute.  n»uch  diminished  in  thickness,  Lcconies directly  con- 
tinuous with  the  optic  nerve  sliealh. 

t  The  ilits  (or  the  recti  are  equatorial,  and  because  at  their  oblique  penetration  of  the  capsule,  allow  onl7  one  sharp 
(inner)  lip  to  be  leoognued;  the  riits  for  the  t«n  obliques  are  meridional. 
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It  is  kng,  nairow  behind  and  wide  m  front,  and  aInMKt  comidetdy  covers  the  superior  zectus 
upon  which  it  lies  in  the  postt  rior  part  of  the  orbit,  only  the  latei^  border  of  this  musde  remaming 

uncovered.  It  arise?,  tor^cthcr  with  the  superior  n-iius,  by  means  of  a  short,  narrow  tendon, 
from  the  tommon  t(  ndinous  annuhis,  anrl  throti-^hout  the  greatest  ]X)rlion  of  its  length  consists  of 
slq^tcjl  muscle  libers.  Its  tention,  however,  contains  some  smooth  muscle  fibers,  and  before  its 
inseitKNi  divides  in  such  a  way  that  the  posterior  part  is  inserted  into  the  superkv  border  of  the 
tarsus  of  the  upper  lid  (page  271),  while  the  anterior  part  is  inserted  along  ^e  wliole  anterior 
suriace  of  the  tarsus  and  between  it  and  the  palpebral  muscle  (sec  page  272), 

The  mti'if-lr  raises  the  upper  lid  and  U  <iu[i|'l!rd  by  ihc  superior  lir.iin  h  ipf  iIk'  <>i  uloninfor  ncnx. 

Smooth  musde  filwrs  which  occur  in  the  periosteum  of  the  orbit  form  what  is  called  the 
orbital  musde.  These  fibers  occur  in  variable  amounts  at  ditferent  parts  of  the  orbit,  and  form 
a  strong  layer  of  muscle,  which  serves  to  close  the  orbital  fissures  (suix>rior  and  inferior). 

The  perioi^la  (Figs.  748,  749,  and  758  to  760)  is  the  periosteal  layer  of  the  orbit,  whidi  is  - 
continuous  with  the  periosteal  layer  of  the  encephalic  dura  mater  at  the  optic  foramen  and  supe- 
rior orbital  fissure,  and  with  the  |)eriosteum  of  the  Ijones  of  the  fare  at  the  inferior  orbital  fissure. 
The  superior  orbital  fissiu-e  is  closed  by  a  thickening  of  the  periorbita,  except  for  the  opening 
tiaversed  by  the  vessels  and  nerves. 

The  orHM  seftum  is  a  fascia-lilce  structure  fastened  to  the  aperture  of  the  orbit  and  placed 
in  the  middle  like  a  diaphragm.  It  covers  the  posterior  surface  of  the  eyelids  and  separates 
them  from  the  f  rue  contents  of  the  orbit.  This  septum  is  largely  formtYl  l>y  the  jx)sterior  fascia  of 
the  OTbicularis  ocuU  muscle  (see  Vol.  I,,  page  179),  and,  since  it  extends  into  the  base  of  the  lids, 
it  really  belongs  to  them.  The  nerves  and  vesseb  emerging  from  the  orbital  aperture  (frontal, 
supra-ortatal,  sufwatrochlear,  infratrochlear,  and  lachrymal  nerves,  frontal  and  supra-orbital 
arteries  and  nasofrontal  vein)  pierce  the  orbital  septum,  which  is  connected  with  the  medial 
palp*  bral  ligament  or  the  lateral  iialpt  l)ral  rapht'  see  below In  the  medial  or  lateral  anp;le  of  the 
eye,  respectively,  and  at  the  same  lime  it  doses  off  the  adipose  body  of  the  orbit  anteriorly,  and 
by  it  is  given  an  anterior  convexity. 

THE  LACHRYMAL  APPARATUS. 
To  the  larhrymal  apparatus  (I'igs.  76J  to  7f)8,  and  771)  belong  first,  the  secretory  organs 
or  lachrymal  glands;  second,  the  tochrymal  lake  (.lacus  iacrimalis),  which  is  formed  by  the  con- 
junctiva and  coUects  the  tears  or  lacnmte  flowing  over  the  anterior  surface  of  the  cornea  and 
through  the  conjunctival  sac  at  the  medial  an^e  of  the  eye;  third,  the  lachrymd  ducts^  whidi 
take  up  the  tears  from  the  lake  and  OHiduct  them  to  the  lachrymal  saCf  whence  they  pass  through 
the  naso^ackrymal  due!  into  the  nasal  cavity. 

_  There  may  be  distinguished  a  larger  suix-rior  and  a  smaller  inferior,  and,  also,  accessory 
lachrymal  glands.  The  superior  lachrymd  gland  (Figs.  758,  763,  and  771)  lies  in  the  ladir3ninl 
depression  of  the  frontal  bone  (see  Vol.  I.,  page  61),  that  is  to  say,  hi  the  lateral  comer  of  (he  supe* 
rior  wall  of  the  orbit,  just  Ixlow  the  |x-rioriMta,  and  r^wrescnts  a  rather  well-defined,  flattened,  oval 
gland,  uho'ie  loni:^  axis  lies  parallel  to  the  border  of  the  orbital  cavity.  The  surfai  e  of  the  gland 
facing  the  bone  is  decidedly  convex,  that  facing  the  eyeball  is  concave.  The  gland  is  of  a  gray- 
ish-red  color,  rather  soft  as  to  its  consistency,  and  has  a  distinctly  lobular  structure.  The  majority 
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Fig.  76a. — ^The  capsule  of  Tenon,  or  titscia  of  the  bulb  of  the  right  eye  with  its  Qfwningsi,  as  seen  after 

the  removal  of  the  eyeball. 
Both  eyelids  have  been  divided  to  their  bases  by  a  sagittal  incisiun  and  reflected.    *  ~  Inner  )ip  of  ihf  mmwlcilU. 

Fig.  763.— The  two  tarsal  plates  of  the  right  eye,  the  palpebral  ligaments,  and  the  lachrymal  sac. 

The  ilun  and  nmaculattire  of  the  Ibte  have  beco  removed  and  the  tendon  of  the  lenilflr  pafpebrc  superiorb  divided. 
Fic.  764. — The  lachrymal  sac  and  the  lachrymal  ducts  as  seen  from  in  front. 

The  tkin  and  musculature  have  been  divided,  and  pvtly  removed  and  fiartly  reflected.  The  medial  palpefaml 
iigameni  has  been  divided. 

Fig.  765     The  lachrymal  ducts,  the  Iiuhn  m.il  su .  md  the  misolachiymal duct  exposed  from  infnMit. 
Disseciiun  as  in  i'ig.  764,  with  a  piece  of  the  inaxilla  thiscled  awmjr. 


of  the  lobulcii,  hnwrvcr,  arc  rather  intimately  coivnectcd,  but,  in  the  posterior  part,  the  orbital  fat 
penetrates  di>eply  into  the  spaces  between  the  lobuksi  which  are  c(»sequently  partly  isolated 
in  this  region. 

The  i»ferior  Uuhrymal  gland  (F%.  771)  is  only  about  one-tfaird  die  thft  of  the  superior  and 
Bes  below  it,  close  to  the  conjunctival  fbmiz,  in  the  immediate  vidnity  of  the  httaal  an^e  of  the 
eye.   In  contrast  to  the  superior  gland  it  con.sists  of  only  loosely  connected  and  often  almost 

completely  i-olatcd  !ol>uIes,  about  twcniy  to  thirty  in  number.  It  is  separated  from  the  superior 
gland  by  a  layer  of  fascia  (sec  above),  but,  as  a  rule,  has  outlets  in  common  \\  iih  it,  the  excretory 
duds  0}  the  lackrymal  glands,  the  very  fine  and  nanow  ducts  of  the  su)x:rior  gland  icceiving  the 
majority  of  those  of  the  inferior  one,  although  some  lobules  of  the  latter  also  open  separately  into 
the  lateral  portion  of  the  conjunctival  fornix.  The  ducts  of  the  two  glands  are  about  ten  to  fifteen 
in'  number.  In  addition  to  the  main  glands  there  are  also  accessory  hch'ymal  gUiMds,  ocemxiDg 
in  the  conjunctiva  and  in  the  eyelids  themselves  (page  273). 

The  lackrymal  duds  (canals)  (Figs,  764  and  765)  are  very  narrow,  cur\'ed  canaliculi,  which 
begin  at  the  margins  of  the  upper  and  lower  lids  near  the  medial  commissure  of  the  two,  between 
this  and  the  medial  extremity  of  the  tarsal  c  artilage  (page  271),  as  small,  abnost  circular  Openings, 
the  laihrymal  putula.  T!iere  is  a  superior  and  an  hijrrior  pumiitm,  and  they  lie  upon  small,  low 
projections  of  the  margin  of  the  lid,  the  Imhrymai  papilla  {superior  and  injtrior).  They  look 
posteriorly  and  toward  the  lachrjTnal  lake  (page  272),  of  which  they  form  the  lateral  boundary', 
and  when  the  Uds  are  closed  they  project  into  the  lake  and  thus  allow  ihn  lachiymal  puncta  to 
absorb  the  lachrj-mal  fluid. 

The  lachnnial  ducts  themselves  are  narrow  and  very  thin  wallefl  eanalieuli  which  nm  in 
the  medial  portion  of  the  eyelids,  parallel  to  the  ix-riphery  of  the  huhrymal  ial<.e.  At  their  lom- 
mencement  on  tlie  lachrymal  puncta  they  are  at  first  vertical  and  then  turn  so  as  to  run  in  an 
almost  transverse  direction,  and,  just  before  this  bend,  eadi  ustuilty  possesses  a  sli|^t  dilatation, 
the  ampulla  of  the  lackrymal  duck  The  transverse  part  of  each  canal  then  passes  toward  the 
lachr}'mal  sac,  into  whose  lateral  wall  both  ducts  open  below  the  fornix  (see  below),  usually  clo?e 
fofjethcr  and  more  rarelv  with  a  common  terminal  portion.  The  orifice  of  each  duet  is  behind 
the  medial  (internal),  palpebral  ligament  (see  page  272,  and  Vol.  I.,  page  179).  I  he  lachrymal 
ducts  have  no  musculatiuv  of  their  own,  but  are  surrounded  by  fibers  of  the  orbicularis  ocuh 
QMlpebral  portion)  (VoL  L,  page  179}.  They  lie  very  dose  beneath  the  thin  integument  of  the 
eyelids,  which  covers  Uiem. 
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The  Idclirymal  sac  (Figs.  763  to  765)  is  the  upj)er,  moderately  enlarged,  blintl  ond  of  the  ' 
nasolachrymal  duct.  It  lies  in  a  fossa  behind  the  medial  border  of  the  orbit  (see  Vol.  1.,  page  75), 
and  in  shape  and  size  corresponds  to  the  fossa.  Its  upper,  slightly  tapering,  bUnd  end  is  called 
fornix  0f  Uu  laekrym^  sac,  aiu)  At  about  1.$  to  a  mm.  bdow  its  apes  tlie  ttwo  ducts  (see  above) 
open  upon  a  small  prajectiaa  of  the  latoal  valL  The  medial  (internal)  palpebral  ligamait 
spreads  out  over  the  lachrymal  sac,  which  is  also  surrounded  by  the  fibers  of  the  lachrymal  portkm 
of  the  orbicularis  oculi  (Homer's  mu><lc)  (sec  Vol.  T.,  page  179). 

Below,  the  lachrymal  sac  is  continued  into  the  nasolachrymal  duct  (Figs.  764, 765,  and  Vol.  II., 
Fig.  424)  without  a  sharp  line  of  demarcation.  ThU  duct,  as  mgaids  Its  poutioii,  length,  and 
boundaries,  ooncsponds  exactly  to  the  bony  canal  in  which  it  lies  (see  VoL  L,  pages  64, 67,  and 
75).  Like  this,  it  opens  into  the  anterior  part  of  the  inferior  na  al  m  atus,  usually  in  such  a  way 
that  the  duct  penetrates  the  nasal  mucous  memlirane  obltr|uely  for  a  short  distance,  thus  forming 
a  valvular  fold,  known  as  lachrymal  fold  (Hasner's  iold).  The  deft-like  op>cning  of  the  dtict  is 
usually  in  the  horizontal  plane,  but  varies  considerably  in  shape,  width,  and  position. 

The  lachrymal  sac  and  nasolachrymal  duct  are  Imed  by  a  mucous  membrane  ^riiich  u  not 
e^wdaUy  folded,  but  oontains^ands  in  die  ngion  of  die  laiia^^  The  lumen  of  the  Utter, 
when  empty,  is  compressed. 

As  regards  the  size  of  the  separate  portions  of  the  lachrymal  apparatus,  the  superior  gland 
measures  20  mm.  in  its  longest  diameter,  is  10  to  12  mm.  in  width,  and  5  mm.  thick.  The 
lachrymal  punctum  of  the  lower  lid  has  a  slightly  fatrger  diameter  {0.3  mm.)  than  that  of  the  upper 
lid  I'o.a  to  0.25  mm.  ),  and  the  superior  lachn-mal  duct  Is  a  tittle  narrower  (but  longer)  than  the 
inferior,  the  length  of  each  In-ing  about  t  cm.  The  narrowest  point  of  the  dnrfs  is  at  the  lachrv  mal 
punctum;  their  average  diameter  is  0.6  mm.;  that  of  the  ampiill.T  almost  i  mm.  The  b.rhn-mal 
sac  is  about  12  mm.  in  length,  with  an  average  diameter  of  about  5  mm.  The  nasoiachr}-mal 
duct  has  a  diameter  of  about  4  mm.  0a.  the  sagittal  direction,  a  little  less  transversely)  and  an 
average  length  of  15  mm. 

The  blOod-WMdS  ol  the  lachrj-mol  gland  rc:>me  from  tlie  laclirj-nul  artery  and  partly  also  from  tbBUlallM  dctp 
temporal  artenr  (w«  page  a8).  The  lympb'voaids  ac*  identic*!  with  thotecfthecoojuiiclink  ThcaCTretmiupplieil 
by  the  UiduynuU  ncnw. 

THE  BmiDS  OR  PAMBRAB. 

Both  eyelids  (Figs.  761  to  763,  and  766  to  771),  the  broader,  upper  one,  and  the  narrower, 
lower  one,  are  cutaneous  folds  stretchefl  across  the  external  oixming  of  the  orbit  and  conforming 
to  the  form  of  the  anterior  (corneal)  segment  of  the  eyeball  lying  behind  them,  so  as  to  present 
a  distinctly  concave  posterior  and  a  convex  anterior  surface. 

By  ^eir  free  borders  the  tytHadi  bound  an  almost  horiaontal  openmg,  the  fdpAni  rimaf 
meetmg  at  its  medial  and  lateral  ends  to  form  the  nudid  and  latfral  fiaipebral  canmissures.  By 
the  commissures  are  formed  the  two  angles  of  the  eye,  the  pointed,  arch-h'kc.  more  exposed  lateral 
angle,  and  the  broader,  roimder,  more  deeply  seated  medial  angU,  with  the  lachrymal  lake.  The 
Upper  lid  bounds  the  palpebral  fissure  {rima  palpebralis)  with  a  distinctly  convex  border,  while 
the  lower  one  has  an  almost  straight,  slightly  concave  border,  and  the  attached  borders  of  both 
Uds  pass  over  into  the  adjacent  skin,  mttaculature,  etc.,  without  any  sharp  fine  of  demarcatioq. 
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Fig.  766, — The  right  eye,  open. 
Fig.  767. — The  right  eye,  cloMCl. 

FI6.  768. — The  light  eye  widely  opened  by  diawing  the  Hds  apart.    The  eyeball  looks  toward  the 
temporal  side. 

In  the  upper  lid  the  upper  border  i>  indicated  by  a  nuiiibn'  ol  strong  haiis»  the  eyebiows  or 

tupcrciUa,  which  are  arrange*!  in  the  shajw  of  an  arch,  convex  wpwarr!. 

The  breadth  of  the  two  lids  is  quite  diflercnt;  that  of  the  upper  one  is  52  to  25  mm.,  that  of 
the  lower  only  11  to  13  mm.  The  thickness  of  the  two,  however,  h  about  the  same;  in  the  ncigh- 
bocfaood  of  the  free  border  it  is  about  3  nun.,  at  the  base  about  double  that  amount. 

Whtn  tlic  lyc  is  f  Imefl.  the  longer  upper  lid  row  r>  a  much  larger  portion  of  the  anterior 
surface  of  the  rycliall  than  dots  the  lower  lid,  and  it  ako  mahc-  a  wider  excursion  in  opening 
the  lide.  fn  ibr  oinn  <  yt-  a  horizontal  through  the  metiial  anisic  of  the  lids  ruts  the  lower  lid 
below  the  lalcrai  angle;  in  the  closed  eye  it  passes  above  this  angle;  therefore,  in  the  closed  eye 
the  whole  lower  lid  and  also  the  lower  part  of  the  upper  lid,  and  consequently  also  the  whole 
length  ol  the  palpebral  fissure,  lies  below  the  hwizootal.  In  the  ckxied  eye  the  free  bolder  of  the 
upper  lid  reach's  to  the  inferior  iKirder  of  the  cornea,  and  between  its  concave  jxjstcrior  surface 
and  the  anterior  suriace  of  the  cornea  there  is  a  narrow,  merely  capillary  space,  called  the  lach- 
rymal rivus. 

The  convex  anterior  surface  of  each  hd  possesses  a  ^irery  fine  and  thin  external  skin  which 
shows  all  the  peculiarities  of  such  skin,  possessmg  cspedalfy  hnngo  hairs  (of  extremely  small 

size,  however)  and  integumentary  glands.  Tlie  dermis  of  the  lids,  however,  is  devoid  of  fat; 
only  in  the  base  of  the  lid,  which  is  called  the  orbital  portion  in  contrast  to  the  thinner  lower 
or  palpebral  portion,  a  smaU  amount  of  adipose  tissue  makes  its  appearance.  The  integument 
of  the  lids,  even  when  the  palpebral  rima  dosed,  possesses  transverse  folds,  and  when  the  lids 
•re  open  a  stronger  transverse  fold  occurs  at  the  base  of  each,  the  orbitopidpdrel  sukus.  The 
ccmcave  ix>sterior  surface  of  the  lids  is  covered  by  the  pal{)ebral  conjunctiva,  which  is  firmly 
imtted  with  the  lid,  and  at  the  free  border  of  each  L'd  the  conjunctival  and  epidcTmal  surfaces 
blend.  The  free  border  is  rather  a  narrow  surface,  and  is  continuous  by  a  usually  blunted 
anterior  bonier,  the  anterior  palpebnA  Hmb$ts,  and  a  usually  sharp  posterior  border  or  posterior 
fdp^ot  limbtu  into  the  anterior  and  posterior  surfaces  respectively  of  the  lids.  The  anterior 
palpebral  limbus  l)eaxs  strong  hairs  called  eyelashes  or  cilia,  which  are  inserted  in  an  oblique 
dinTfion,  and  thus  <tand  with  their  roots  pointini:  buckwanl  an'd  ujiward,  or  downward 
in  the  lower  lid,  through  the  epidermis  :ji  dermis  of  the  lid  into  the  musculature  t,.sce 
below).  They  stand  close  together,  arranged  in  two  or  three  rows,  and  in  the  upper  lid,  where 
they  are  stronger  and  longer,  they  are  more  numerous  (one  hundred  and  forty  to  one  hundred 
and  fifty!  ilian  in  the  lower  lid  (fifty  to  seventy-five).  When  the  lids  are  closed  the  cilia  touch 
one  another  in  such  a  way  as  to  be  partly  inti  rlorked.  Bdween  them  open,  in  addition  to  the 
sebaceous  glands  which  thcv  possess.  ;,ome  moditled  sudori[)arous  gland'-,  the  riliiirv  s^lartds. 

The  free  ijordcrs  of  the  lids  are  not  <|uitL  hori/onlal  10  the  surface  of  the  lid,  but  arc  slightly 
beveled,  so  that  the  anterior  limbus  of  the  upper  lid  projects  a  little  further  downward  dian  the 
posterior,  and  the  reverse  is  true  of  the  lower  lid.  The  consequence  is  that  the  bonleia  of  die 
lids  fit  upon  one  another  when  the  lids  are  closed. 
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The  framework  of  the  lids  is  made  up  of  a  stiff,  connective-tissue  plate,  almost  cartilaginous 
in  consistence,  which  is  cun'cd  so  as  to  corrcsj>ond  with  the  curvature  of  the  lid,  and  forms  the 
tarsal  plate  or  tarsus.  This,  in  general,  corres}^>onds  closely  to  the  form  of  the  lid,  so  that  the 
broader  up|X'r  lid  has  a  broader  tarsus  than  the  lower  one.  The  greatest  breadth  of  the  su|x*rior 
tarsus  lies  about  its  middle  and  is  alx)ut  10  mm.,  that  of  the  inferior  tarsus  being  only  about  half 
as  much;  its  thickness  is  0.75  mm.  to  1  mm.,  and  its  length  20  mm.    Both  tarsal  plates  have 
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an  irregular  semilunar  shape;  their  medial  ends  being  broader  than  the  lateral,  and  the  upper 
edge  (the  lower  in  the  lower  lid)  does  not  reach  to  the  base  of  the  lid,  but  ends  a  little  before 
reaching  it  by  being  marked  off  rather  shar{)ly  from  the  adjacent  tissue.  The  anterior  surface 
of  the  tarsus  is  scparatetl  from  the  integument  of  the  lid  by  the  palpebral  part  of  the  orbicularis 
oculi  (see  below  and  Vol.  I.,  ijq),  while  at  the  posterior  surface  it  is  closely  adherent  to  the  con- 
nective tissue  of  the  palpebral  conjunctiva ;  indeed  the  tissue  of  the  tarsus  is  everywhere  directly 
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Fig.  770.— The  anterior  aspect  of  the  orbital  septum  d  the  right  eye. 
FiQ.  771.— The  qretids  aod  the  tochiynnl  glands  as  aeeo  bom  behind. 

*     Fmtty  tissue. 


connectt'd  with  the  neighboring  connective  tissue.  Along  the  whole  length  of  the  upper  border 
and  the  anterior  surface  of  the  superior  tarsus  tbe  tendon  of  the  levator  palpebne  supcrioris  is 
inserted. 

Between  the  tarsal  plate  and  palpebral  conjunctivft  of  both  eyelkb,  and  esttending  througliout 

their  entire  width,  are  peculiarly  modified  sebaceous  ^ands  knowTi  as  the  Meibomian  or  tarsal 
glands.  They  consist  of  a  central  duct,  completely  surrounded  by  vesicular  glandular  alveoli, 
and  lie  in  a  single  layer,  parallel  to  one  another,  in  the  substance  of  the  tarsus  itself,  their  excretory 
ducts  opening  at  sliort  intervals  fiom  one  anotfaet-  on  the  posterior  palpebral  limbus.  The 
number  of  i^ands  in  the  upper  lid  is  thirQr  to  forty,  hi  die  lower  only  twenty  to  thirty,  and  since 
they  always  extend  the  entire  height  of  the  tarsus  they  are,  therefore,  longer  in  the  upper  than  in 
the  lower  lid,  and  longest  in  the  middle  part  of  the  upper  lid.  Since  they  jiroduce  a  fsebarcous 
secretion  known  as  palpebral  sebum,  they  appear  on  the  conjunctival  surfauie  of  the  lid  as 
.ydhmish-white  structures,  even  in  the  living.  The  length  of  the  tarsal  plate  is  less  than  that  of 
the  lid,  since  the  plate  readies  ndthcr  to  the  ktcnl  nor  the  medial  palpebral  commissuie,  that 
part  of  each  lid  which  bounds  the  lacus  lacrimalis  bang  entirely  destitute  of  tarsal  tissue,  so 
tiiat  neither  the  lachrymal  pimrta  nor  canals  (page  268)  arc  as^^ociated  with  the  tarsus. 

At  the  angles  of  the  lids  the  tarsi,  as  well  as  the  musculature  of  the  ltd?,  are  connected  with 
the  medial  palpebral  iigament  and  the  lateral  palpebral  raphe.  The  former  represents  a  tendinous 
arch  which  arises  from  the  frontal  piooe»  of  the  mudlla  and  extends  by  an  anterior,  narrower 
limb,  whit  h  is  \  isible  through  the  skin,  transversely  over  the  anterior  surface  of  the  lacus  lacri- 
malis, while  a  broader  posterior  limb  makes  a  rnrve  around  the  lacus  lacrimalis  to  the  posterior 
lachr}nial  crest  of  the  lachrymal  bone.  The  medial  palpebral  ligament  is  interwoven  with  the 
orbital  septum  (sec  page  267)  and  s€r\'es  as  a  place  of  attachment  for  ilic  medial  ends  of  both 
tarsi  and  also  for  the  fixation  of  the  medial  an^  of  the  lids,  and  gives  origin  to  the  fibers  of 
the  palpebral  portion  of  the  ocbicularis  oculi.  The  laUral  palpebral  raphe  is  not  really  a  tendon, 
but  a  tendinous  liand  inte^\'o^'en  with  the  musculature  of  the  orbicubro  oculi  and  the  ocfaittl 
septum,  and  having  attached  to  it  the  lateral  ends  of  the  tarsi. 

I  hc  musculature  of  the  eyelid  (Fig.  769)  consists  of  the  pali>ebral  portion  of  the  orbicularis 
oculi.  Its  fibers  surround  the  palpebral  Cssure  in  an  arch-like  manner  and  lie  between  the  outer 
skin  of  the  lid  and  the  onteriw  surface  of  ^  tarsus.  The  bundles  lying  neatest  die  liee  border 
of  the  lid  are  separated  from  the  main  part  of  the  muscle  by  the  roots  of  the  eyelashes  (sec  above) 
and  are  known  as  the  ciliary  musdr  (of  Riolan).  Separate  groups  of  fibers  also  surround  the 
ducts  of  the  tarsal  glands.  In  addition  to  the  striated  musculature  there  are  also  smooth  muscle 
fibers  at  the  base  of  tlie  eyelids,  which  are  inserted  by  elastic  tendons  into  the  upper  or  lower 
bonier  of  the  tarsi  and  are  known  as  the  superior  and  inferior  tand  mudes.  The  former  is  a 
direct  continuation  of  the  levator  palpebrse  superioris. 

The  lac  hrymal  lake  darns  hu-rimnlis)  is  that  part  of  the  medial  angle  of  the  I've  which  is 
bounded  by  the  medial  portions  of  the  two  lids  and  by  a  conjunctival  fold,  the  semilunar  fold 
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oj  the  conjunctiva.  At  tlu-  bottom  of  the  lake  is  a  low,  reddish  projection  covered  with  scljaceous 
glands  and  ven,-  tine,  woolly  hairs,  the  huhrymal  caruncle.  The  [xjrtions  of  the  lids  which  bound 
the  lachrymal  lake  are  destitute  of  the  tars^  tissue  and  sebaceous  glands,  but  contain,  on  the 
Other  haodf  the  lachr}'mal  ducts  (see  page  268).  At  the  bolder  of  the  lid  the  limit  <rf  the  bke 
is  indicated  by  the  pontkn  of  tlie  laduymal  papilla  and  punctumi  and  by  the  bofder  of  the  lid 
possegihig  at  dits  point  a  disthict  bend. 

As  rcgarc!*!  the  t)tiK»t-vi_<M-!s  of  tlir  i  x  .  lirls,  the  arti  rit  s  arc  ihc  medial  am)  l.ttt-m)  palpc bral  artrrir^.  The  former 
are  the  stronger  and  arc  branthe*  ol  the  frontal  artery;  tlic  \iMkt  arise  from  thi-  hrynial  aru-ry  (scc  jjag''  J' )•  1  he 
axterie*  ol  the  medial  and  lateral  IhItcs  of  the  Kd  form  in  front  nf  the  t]ir5us;  in  the  ytan  of  ihc  lid  adjoining  the  palpchral 
toure,  an  arched  anauoaMMta  knowii  at  the  superior  and  initrkr  tonal  arch.  The  vciaa  oorrcapood  to  the  arteries  and 
open  largeljr  into  the  vefiw  of  the  face,  and  thr  )>  mphatfc*  course  together  with  thoae  of  the  conjunctiva  fsee  hdow). 
The  nerves  of  the  eytlMs  .nis.-  iron  the  first  ;in'l  s<riinf!  !lr.lI•,^h  mI  ilu-  trici'ii  inal.  The  up|>er  lid  iis  &iii-pli<<l  t>v  the 
fint  or  opbihaimic  branch  (lachrj-mal,  supratrochlear,  infratrochlcar  nerves),  the  lower  mainly  by  the  palpebral  branchea 
of  the  infini-arhiia]  and  alio  fay  the  synomaticofadal  branch  of  the  aygonatic  nerve. 

The  (  VI  !iii<;  (!c  vrlop,  as  sirnplf  folrls  of  the  cj»iderinis  whii  (■.  cr.idually  grot*-  over  the  cornea  and  finally  meet  and 
are  (used  together  by  the  union  of  the  epithelium  ol  the  borders,  a  lunditiun  which  persists  until  shortly  befwc  birth. 

THE  CONJUNCTIVA. 

The  conjuuitiva  fFij^.  761,  762,  766  to  769,  and  771)  is  a  mucous  membrane  which,  as  a 
direct  continuation  of  the  ejudt  rmis,  lines  a  flat  jiar,  the  conjunctival  sac,  lying  between  the 
posterior  surface  of  the  lids  and  the  anterior  surface  of  the  eyeball,  and  thus  being  bounded 
hf  a  convex  and  a  corresponding  concave  surface,  and  endosing  only  a  nanrow  space,  the  lachry- 
mal rivus  (see  page  270).  The  jwrtions  of  its  wall  which  cover  these  surfaces  are  calleil  the 
conjunclivaJ  tunics  oj  the  eyelids  and  oj  the  eyeball .  and  pa^s  over  into  one  another  at  the  base 
of  the  lid"^.  forming  tlu-  superior  conjunclival  jornix  in  the  upper  lid  and  injarior  cottjufictiyal 
jornix  in  the  lower  one. 

At  the  free  border  of  the  lid  the  [)alpebral  conjunctiva  b  continued  into  the  epidennb  without 
showing  any  line  of  separation,  and  throughout  the  whole  height  of  the  tarstis  it  covers  the  pos- 
terior surface  of  the  lid  a*  a  smooth  skin,  closely  connected  with  the  tarsus,  l>eing  separated  from 
the  li«stie  of  the  lid  where  (he  tar-u-  is  lackini^  by  areolar  ti«':i!e  and  bein'^.  therefore,  movable. 
In  the  region  of  the  t'omix  of  the  conjunctiva  small  glands  less  than  i  mm.  in  diameter,  the  con- 
pukcHwU  mueoHS  ^andSf  occur,  lying  closely  paclced  in  the  lateral  angle  of  the  eye  at  the  level 
of  the  lachiymal  ^and  and  quickly  decreasing  in  number  toward  the  medial  an^;  they  occur 
but  rarely  in  the  inferior  fornix.  According  to  their  function  the\'  may  be  regardiTl  as  accessory 
lachrA'mal  pland*.  Fiirfhermore.  in  the  reirion  of  the  fornix  ?mall  ccmjtmctival  lymph^nodes 
occur  or,  in  Mjme  cases,  only  ditiuse  accumulations  of  lymph  tissue. 

The  conjunctiva  of  the  bulb  extemls  from  the  fornix  (rf  the  conjunctiva  to  die  botder  of 
the  cornea,  where  it  ends  fay  a  flat  swelling,  the  eonjutKtiwU  HmbHSt  in  such  a  way  that  its  epithe- 
lium  passes  over  uninterruptedly  into  the  corneal  epithelium,  and  some  connective  tissue  1am- 
ell.e  are  continued  from  it  into  the  profter  »;itb-itanre  of  the  cornea.  The  conjtrni  tival  sac,  therefore, 
is  not  bounded  by  the  conjunctiva  at  the  cornea,  but  this  latter  structure  extends  directly  into 
the  space.  The  conjimctiva  of  the  bulb  is  separated  from  the  anterior  part  of  the  sclera,  which 
it  covers  by  a  loose  tissue,  and  can  easily  be  removed  from  it.  At  the  medial  angle  of  the  eye 
it  forms  a  semilunar  fold,  concave  kterally,  the  semiluHar  }M  oj  the  conjunctiva,  whose  rdationa 

III— iS 
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to  the  lachrymal  sac  have  already  been  mentioned.  Furthermore,  there  is  formed  in  this  situation 
the  low,  granukr  kchrynul  camnde  (sec  page  373)  wliidi  «]m>  must  be  icgaided  ts  a  formation 
of  the  ooojunctiva  ol  the  bulb.  In  the  open  eye,  tho,  it  is  not  altogether  fndf  exposed,  but  is 
partly  hiddeii  by  the  lower  lid.  Its  gnuular  appeanuace  u  due  to  the  sebaceous  0ands  *  lying 
in  it. 

The  blood-vessels  of  the  conjunrtiva  are,  first,  the  same  as  those  of  the  eyelids,  and  leoandly,  twigs  from  the  mus- 
cular branches  of  the  ophthalmic  artery  which  pass  as  cpiscJcral  vessels  to  the  conjunctiva.  The  numerous  sujierficial 
vcjaicls— especially  the  smaller  veins — give  a  reddish  color  to  the  conjuncti\Ti.  The  lymphatics  of  the  conjurn  tiv.i  .itid 
a(  ibc  Uds  arc  divided  into  tboac  of  the  inlegumcDl  of  the  lid  and  those  ol  tbe  conjunctiva;  both  sct»  are  united  and,  by 
taeatia  of  n^foBdJt  and  deep  Ijrmpli-weMda.  iqwrnled  by  the  orliinikm  octdl,  condua  partly  itfo  tiv  lynph-nodca  of 
tht  parotid  regtott  and  partly  to  time  of  the  wilimaitillaiy  negioii.  TheimvcsatvtlieiaineaatlMMeof  tbellda. 


The  auditor}-  organ  is  for  the  most  paxt  enclosed  in  itic  umporal  bone  of  the  cranium  (sec 
VoL  I,  page  54)  and  may  be  divided  into  thtee  main  parts: 

1.  The  inienuA  ear  k  formed  by  the  so<alkd  labyrinth,  and  of  this  only  the  mmbnmous 
iabyrim^  whidi  bears  the  end  apprratus  of  the  auditory  nerve  is  the  real  sound -percei\nng  part 
of  the  organ,  the  osseous  lahxrinih  being  only  its  bony  envelope.  The  entire  inner  ear  lies  in  the 
petrous  portion  of  the  tcmixjrdl  bon- 

2.  The  middle  ear  is  mainly  formed  by  a  cavity  in  the  temporal  hooej  the  tympanic  cavity ^ 
which  contains  air.  Its  most  important  parts  are  a  sound-conducthig  apparatus  hi  the  form 
of  the  auditory  ossicles  and  a  communication  with  the  pharynx  by  the  tuba  audifiva.  It  is  sep- 
arated from  the  c-xlemal  ear  Jiy  *.hv  tympanif  mnnhranr. 

3.  The  external  car  is  the  sound-receiving  part  of  the  auditory  organ  and  consists  of  the 
external  auditory  meatus  and  the  auricle. 


The  membranous  kAyrhith  (Ftg^  772  to  775)  is  a  system  of  thin-walled  branched  canals 
filled  with  a  liquid,  the  so-called  endolymph.  The  two  saccules  of  the  endolymphatic  canal 
system,  w^hirh  lit-  in  the  V(  >lil)uk'  of  ilu-  Ixmy  lab)Tinth,  arc  known  as  the  vestibular  saccules  (sac- 
culus  and  utricuius),  and  are  directly  connected  with  one  another  by  a  rather  narrow  canal,  the 
utriadosacctdar  dud,  which  abo  communicates  with  tiic  endolymphaUe  duct,  arising  from  the 
saccule.  Ftom  the  larger  of  the  two  saccules,  the  utrkulus,  three  semicircular  canals,  the  «0iii*- 
Hradar  ducts,  arise,  while  a  spiral  canal,  the  cochlear  duct,  is  in  communication  witii  the  smaller 
anterior  samile,  the  sacculus,  by  a  short,  narrow  canal,  the  ductus  reunims. 

The  endolymphatic  cavities  lie  in  corresponding  osseous  cavities  of  the  bony  labyrinth 
(see  below),  but  the  latter  do  not  exactly  correspond  in  shape  with  the  ducts  and  saccules  which 
Aqt  contam;  the  ducts  and  saccules  do  not  fill  thdr  bony  cavity,  but  a  vpaes,  the  per9ymphaiic 
space,  ronains  between  the  bony  and  the  membvanous  portions  of  the  labyrinth  and  h  also 

*  In  older  people  there  often  occurs  an  accumulaiioB  of  adJpoie  tbme  beUnd  (he  cmijtiiictiva  in  the  leiioo  of  the 
•emiluitar  fold  fonning  what  is  known  as  »  fimgiaaita. 


THE  AUDITORY  ORG.\N. 


Tte  INTBBNAL  EAR. 


THE  nBBBRANOUS  LABYRDIIII. 


THE  SENSK  ORGANS. 


filled  with  a  liquid,  the  perilymph,  and  may,  therefore,  be  regarded  as  a  lymph -space.  The  endo- 
lymph  and  perilymph  are  completely  separated  from  one  another. 

The  larger  vestibular  saccule,  the  uirkulus  (Figs.  772  to  774),  is  an  elongated  spherical, 
slightly  flattened,  thin-walled  sac,  lying  in  the  elliptic  recess  of  the  labyrinth  (see  below),  and  is 
loosely  attached  to  the  vestibular  wall  by  connective  tissue  fibers  (ligaments  of  the  saccules). 
Its  attachment  is  somewhat  stronger  at  the  place  where  the  nerve  passes  from  the  wall  of  the 


Common        Surface  of     Superior  mem-     Endolymphatic     Eitdoiyt  iphatic 

limb   lemporat  bone   branous  ampuUa  sac  duct  Utricle 


temicircuJar  semicircular  membranous     hule    feneara        saccular      canaliculus  l>uctus 
canal  duel  ampulla    (prri-  cuct     Vestibular  reuniens 

IvmphiUir  space)  cm  urn 

Fic.  77*.— The  plan  of  the  membramiuik  lal»)Tinth.    The  endolymphatic  sitarrs  arc  black. 

labyrinth  into  it.  An  oval  spot  on  its  medial  wall,  about  2  mm.  in  size,  is  characterized  by  a 
special  modification  of  its  epithelium  and  is  termed  the  macula  acustua  0}  the  utrkulus;  on  account 
of  the  dei>osition  upon  it  of  fine  crystals  of  lime  salts,  the  otoliths  {otoconia),  it  has  a  whitish 
appearance.* 

The  membranous  semicircular  ducts  (Figs.  772  to  774)  which  arise  from  the  utriculus  arc 

♦  Kor  the  finer  microscopic  structure  of  the  membranous  labyrinth  see  the  Solx>tta-Uuber  Alias  and  Epitome  of 
Histology. 
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Fic.  773. — ^Tbe  right  membranous  labyrinth  with  the  branches  uf  the  auditory  nerve  isolated  (somewhat 
diagnuninatic).  (Enfau^j^  seven  tfmes.) 

•  —  Utrirulo-ampulhitT  branch  of  the  vestibul.ir  nerve. 

Fiu.  774. — The  right  membranous  labyrinth  with  the  efferent  nerves  partly  exposed.   The  cochlea  has 
been  opened  fram  the  side  (somewhat  dtagrammatic).  (Enk^g^  seven  times.) 
•*  —  OoauBcacenieiit  of  the  baa&l  turn;  -f-  •  =  nocuki^mptilUrjr  bnuxh  of  the  vetttbular  nerve. 


very  thin-wallcd  endolymphatic  canak,  oval  or  elliptic  on  cross-section,  and  only  partly  (about  • 
omsfoiuth  to  one-fifth)  SH  the  cavity  <rf  the  cocrespcmding  bony  canals,  lying  eccentrically 'm 
them  so  Aat  they  are  in  contact  widi  the  mner  surface  <tf  the  bony  canal  on  Its  convex  side. 

Elsewhere  they  are  loosely  connected  with  the  periosteum  on  the  inner  surface  of  the  bony  canal 
by  connective  tissue  fibers  (the  (hx\  li^ments).  As  with  the  liony  canals  Tscc  below),  so  also  there 
is  a  superior,  a  lateral,  and  a  posterior  semicircular  duct.  (Their  position  will  be  dcscribcfJ  below 
in  connection  with  the  bony  canals.)  Eadt  duct  at  the  one  end  possesses  a  huge  ahnost  spiicrical 
enlargement,  the  mmiranout  amf^dta,  where  it  opens  into  the  utriculus,  the  superior  ampuBa 
being  at  the  anterior  end  of  the  superior  semicircular  duct,  the  posterior  one  at  the  inferior  end  of 
the  posterior  duct,  and  the  laUral  at  the  anterior  end  of  the  lateral  duct.  Tn  the  interior  of  each 
ampulla  is  an  obliquely  placed,  semicircular  fold,  called  the  crista  oj  the  ampulla,  which  is  in  con- 
nection with  the  ampullary  nerve  and  convsponds  externally  to  a  furrow,  the  ampuUary  sulcus, 
which  serves  for  the  entrance  of  the  nerve.  The  sulcus  and  crista  lie  on  that  wall  of  the  mem- 
branous ampulla  which  corresponds  to  the  convex  side  of  the  canal,  and  the  ampuUa  differ  from 
the  ducts  pro'X'f  in  that  they  almost  fill  the  bony  ampuUre.  Corresponding  to  the  osseou?  canals 
(sec  below)  only  the  lateral  duct  has  two  openings  into  the  utriculus,  the  superior  and  ijosterior 
ducts  opening  by  separate  ampulla;  at  one  end  and  at  the  other  by  a  very  narrow,  common  limb. 

The  sacadus  (Fifjs.  77a  to  774)  is  the  smaller  of  the  two  x-estibular  saoculi,  lies  in  the 
spherical  recess  of  the  vestibule  (see  below),  and  has  the  shape  of  a  flattened  sphere.  In  it  also, 
as  in  the  utriculu.-,  there  is  an  maculit  nrmttra  oj  the  sacculus  in  connct  linn  u  itli  tlic  terminal 
ramifications  of  a  corresponding  nerve.  From  the  lower,  slightly  narro\ve<l  end  of  the  sacculus 
the  very  slender  ductus  rcuniais  (duct  of  Hcnscn)  f>asscs  to  the  cochlea.  The  sacctilus  lies  with 
its  lateral  wall  about  opposite  to  the  fenestra  of  the  vestibule  (see  below),  but  it  is  separated  from 
this  and  from  the  foot  of  the  stapes  by  a  large,  perilymphatic  space,  since  sacculus  and  utriculus 
together  occupy  only  a  little  more  than  half  the  cavity  of  the  Chony)  \  e>tnaile. 

The  rorhlmr  duct  \  V\'j-.  77:  tc  775)  is  a  narrow,  spiral  canul,  triangular  on  cro>s-5ection, 
situated  in  the  spiral  canal  01  liie  cochlea  (sec  below)  and  making  two  and  a  half  convolutions 
about  the  cochlear  axis,  diminishing  a4ittle  in  caliber  toward  the  apex  of  the  codika.  It  begins 
with  a  blind  sac,  the  vestibular  cacum,  which  is  situated  in  the  vestibule  in  the  cochlear  recess 
(see  below),  and  receives  the  ductus  reuniens.  A  similar  blind  pouch,  the  cupttlar  cmum,  occurs 
also  at  the  tip  of  the  duct,  and  in  this  rcf^ion  the  dt:ct,  a<  well  as  the  cochlea  itself,  is  elliptic 
on  cross-sixtion.  The  cochlear  duct  has  a  decidedly  different  relation  to  the  perilymphatic  spaces 
than  the  other  parts  of  the  lal^rinth,  for  the  cochlear  canal  contams  two  perilymphatic  spaces, 
separated  by  the  codilear  duct  and  the  spirsl  lamina  of  the  cochlea  (see  betow),  and  known  as 
the  tympanic  and  the  vestibular  scala.  The  two  scala?  communicate  with  one  another  at  the 
hdicotrema  (see  below)  and  correspond  to  the  similarly  named  demicanals  of  the  bony  cochlea. 
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the  Qnnpanic  scala  completdy,  and  the  vestibular  scaJa  in  such  a  way  that  its  lower  portion  u 
occu]»ed  by  the  cochlear  duct  {F!g.  77s)*  The  cochlear  fenestra  of  the  tympanic  acala  b  dosed 

by  a  delicate  membrane,  the  secondary  tympanic  vmnbranc. 

The  cochlear  duct  is  bounded  in  the  following  manner.  In  the  first  place  the  edge  of  the 
spiral  osseous  lamina  \^sec  below)  is  united  to  the  opposite  wall  of  the  cochlea  by  the  membranous 
spiral  lammaj  which  {^inserted  into  a  poiosteat  thickening,  the  soK»lIcd  sfirdL  UgomeiU  (in 
the  region  of  the  basal  convalutiaa  it  is  inserted  into  the  secondaiy  spiral  lamina— see  bdow). 
Thus  the  seals  which  communicate  at  the  free  border  of  the  spiral  osseous  membrane  in  the 
bony  cochlea  are  completely  separated  from  one  another.    Furthermore,  an  extremely  thin 


Fic.  775. — A  cross-section  uf  a  turn  of  the  cochlea  (diagrammatic).    The  space  occupied  by  ihc  cochlear  duct  is  dotted. 

membrane,  the  vestibular  membrane  (membrane  of  Rcissner),  passes  from  a  coimective-tissuc 
thickening  of  ihi-  surface  of  ihe  os?eou=;  s]>ir;d  memhranc  which  faces  tlie  vestibular  scala,  the 
sfyiral  limbiis,  toward  ihe  lateral  wall  of  the  cochlea,  ant!  thus  separates  the  frianpular  cochlear 
duct  from  the  true  perilymphatic  vestibular  scala.  Therefore,  the  cochlear  duct  is  bounded 
first  on  the  dde  of  the  tympanic  scala  by  the  membranous  spiral  lan^,  secondly  on  the  side  of 
the  vestibular  scala  by  the  vestibular  membrane,  while  the  fhiid  wall  of  the  duct  is  not  in  relation 
to  perilymph,  but  i>  in  direct  contact  with  the  lateral  wall  of  the  bony  cochlear  canal.  Upon 
the  membranous  sjiiral  lamina  we  find  the  so-rallcd  spiral  nrt^ntt  (organ  of  COiti),  for  the  Structure 
of  which  sec  the  Soboita-Huber  Atlas  and  Epitome  oj  Histology. 
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Fic.  776. — A  ca»i  uf  the  right  bony  labyrinth  as  seen  from  the  outer  side  and  in  front.    (£nlaiged  seven 

times.) 

*  Expos<'<1  <  iiinni<-n<  t  mrnt  of  the  basal  turr\. 

Fig.  777.— a  cast  of  the  right  bony  labyrinth  as  seen  from  the  inner  side  and  behind.    (Enlaig«Ml  seven 

times.) 

•  -  Uasal  turn  ;  *♦   ~  middle  turn. 

Fig.  778.— a  cast  of  the  right  bony  labyrinth  as  seen  from  below.    (Enlarged  seven  times.) 

*  =  Expowd  (mnmen cement  ol  tlie  banl  turn  of  the  cochlem. 
Fte.  779.— The  light  inlernal  autliton-  meatus  as  seen  fmm  the  inner  side  :ifter  chisding  away  a  pottion 

of  its  posterior  wall.    (Enlarged  about  three  times.) 
**  =  Cut  surfftCQ  of  the  heat. 
Fig.  78a — ^The  same  preparatkm  viewed  tmn  Hbt  inner  side  and  fron  in  front. 


The  ntfiolymphalk  duel  and  sac  (Fig.  772)  arc  very  rudimentary  structures  in  man,  while 
in  lower  animals  they  have  a  relatively  much  larger  dcvclopmcxil.  The  endolymphatic  duct 
arises  from  the  lateral  portion  of  the  sacculus,  and  extends  as  an  extremely  line  canal  fdied  with 
enddymph  throu^  the  entire  length  ol  the  vestibular  aqueduct  (see  Vol.  I.,  page  55)  to  below 
the  dura  mater,  wIkto  it  ends  blindly  vith  a  slight  swetUng,  the  eiulolymphriti  sac.  Soon 
after  its  exit  from  the  sacculus  it  receives  at  an  acute  angjle  AH  even  more  slender  duct  from 
the  uthculus,  the  utrkvlosaccidar  dud  (sec  page  274). 

THE  OSSEOUS  LABYtONTH. 

The  ossams  labyrinth  (Figs.  776  to  790)  is  the  cavity  in  which  the  membranous  labyrinth 
is  situated.  Since  the  laitrr  i>  >c]Kir;ited  from  the  inner  surface  of  the  bony  cavity  by  perilym- 
phatic spaces,  the  bony  labyrinth  is  considerably  more  s|iaeiou>  than  the  membranous  one,  but 
othcnvise  it  repeats  ail  the  oul-pouchings,  ducts,  etc.,  of  the  membranoua  part.  An  exception 
to  this  occurs  in  connectioa  with  the  vestibular  saccules,  both  of  these  lying  in  a  common  osseous 
cavity,  the  ve^hvitt  «^ch  also  contains  the  vestibular  caecum  of  the  codilear  duct,  the  begimiing 
of  the  endolymphatic  duct  and  the  utriculosaccular  duct. 

The  wn!!  of  the  bony  laliyrinth  is  formef^l  of  extremely  firm,  compart  bone,  which  in  the 
newly  bom  is  quite  distinctly  differentiated  from  the  spongiosa  of  the  temporal  bone,  but  only 
indistinctiy  so  in  the  adult.  It  also  contains  a  number  of  canals  which  conduct  the  nerves  and 
vessek  for  tiie  membranot»  labyrinth.  The  bony  labyrinth  lies  with  its  medial  sttrface  focing 
the  internal  auditory  meatus  and  its  latoal  surface  toward  the  tympaiuc  cavity,  where  se\eral 
projections  (the  promon(or}%  prominences  of  the  lateral  semicircular  canal,  see  jiatje  285^1  arc 
producetl  by  the  structures  of  the  labyrinth.  Its  whole  length  is  about  20  mm.,  and  its  long 
axis  stands  obliquely  to  the  p>Tamid  of  the  tempcnal  bone  in  such  a  way  that  the  anterior  part 
of  the  labyrinth,  the  cochlea,  looks  at  the  same  time  downward  and  medially,  and  the  posterior 
pait,  the  semicircular  canals,  upward  and  laterally  (Rg.  781). 

THE  VESTIBUIE. 

The  vesiUnde  (F^.  776  to  778  and  783  to  785)  is  the  middle  and  at  the  same  time  the 

roomiest  part  of  the  bony  labyrinth,  and  lies  betwe«  n  the  semicircular  canals  and  the  cochlea. 
It  is  ahnost  oval,  since  its  posterior  part  is  broader  than  the  anterior,  and  the  Inner  surface  is  for 
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the  inost  purt  smoodL  Of  its  walk,  the  medial  sepaiates  it  from  the  internal  auditory  meatus, 

and  tho  lateral  from  the  tympanic  cavity  (see  page  285),  and  through  an  aperture  in  this  wall, 
the  vestibular  jenestra,  the  cavity  of  the  vestibule,  communicates  with  the  tympanic  cavity. 

On  the  medial  vestibular  wall  is  an  almost  vi  rtical,  low  ledge,  the  vestibular  crest  (Figs. 
7S5  and  790),  which  separates  a  lather  round,  small,  anterior  (and  inferior)  depression,  the 
spherkti  recesst  from  a  laigo*  posterior  (and  superior)  dongated  one,  the  dUptk  recess.  The 
former  contains  the  saoculus,  the  latter  tin  utriculus  (sec  page  275).  The  vestibular  crest  ter- 
minntes  superiorly  in  a  point,  the  vestibular  pyramid,  and  inferiorly  in  two  limbs  which  bound  a 
shallow  groove,  the  cochlear  retess  (Fig.  783),  lying  on  the  inferior  wall  of  the  vestibule,  close 
to  the  beginning  of  the  osseous  spiral  lamina  (see  below).  In  this  recess  li^  the  beginning  portion 
of  the  cochlear  duct,  the  vestibular  aecum  (see  above). 

In  the  walls  of  the  vestibule  the  following  apertures  are  found.  On  the  lateral  wall,  lying 
obIi(]iKl\  .  is  the  low  kidney-shaped  vestibular  jrtuslra  (foramen  ovale),  convex  ?u])eriorly  and 
comave  inferiorly.  For  the  entrance  of  the  branches  of  the  acoustic  nen'e  (see  pa.ue  28;^)  the 
laicral  wall  has  a  number  (about  15)  of  small  foramina,  through  which  thcncr\'c  branches  for  the 
macula  acustica  of  the  sacculus  pass,  the  region  in  which  they  occur  bdng  known  as  the  medial 
cribriform  macula  (Fig.  790).  Furthermore,  a  similar  region,  the  superior  cribrijorm  maculOf 
at  the  up[KT  end  of  the  vestibular  crest  I'upon  the  pyramidal,  transmits  the  branches  of  the  utricular 
nerve,  while  the  injt-rior  rrihrijurm  manil<t  1  Fi.^;.  785"!,  the  smallest  of  the  three  ant!  throu<fh  which 
the  nerve  passes  that  enters  by  the  foramen  singulare  (see  below),  hes  next  to  the  ampulla  of  the 
posterior  semicircular  canal,  that  is  to  say,  on  Uie  inferior  wall  of  the  vestibule.  Five  openings 
of  semiciicular  canals  lead  into  the  posterior  poition  of  the  vestibule  (elliptic  receu);  three  are 
ampuUarv'  openings,  two  are  simple.  The  latter  lie  <m  the  medial  wall  of  the  vestibule,  those 
of  the  lateral  canal  below  the  common  cru<  (--ce  below),  while  the  amjnilla  of  the  posterior  ranal 
lie-  on  (he  inferior  wall  and  the  two  anterior  ampullae  in  close  proximity  at  the  boundary  of 
the  |K)sterior  and  lateral  waits. 

Furthermore,  the  spiral  canal  of  the  cochlea  opens  into  the  anterior  wall  of  the  vestibule, 
and  on  the  medial  wall  of  the  elliptic  recess  the  vestibular  aqueduct  enters  by  an  elongated, 
narrow  slit 

THE  OSSEOUS  SEMICIRCULAR  CANALS. 

The  osseous  semicircular  canals  (Figs.  776  to  778,  781  to  786,  and  790)  contain  the  membran- 
ous semicircular  ducts,  and  like  these  consist  of  two  vertical  canab  and  one  horismtaL  Each 
describes  about  two<third^  of  the  circumference  of  a  circle  and  is  somewhat  flattened  in  the 
direction  of  its  surfaces  of  cur\'ature,  thus  being  laterally  compressed.  F^ch  canal  has  two 
openings  into  the  vestibule,  a  wide  r,  ampullar  opening*  and  a  narrower,  -imple  one.  Since  the 
two  vertical  canals  liave  a  common  limb  for  a  .short  distance,  by  means  of  which  they  empty 
into  the  vestibule,  the  latter  shows  only  five  openings  for  the  canals  (sec  above).  One  of  the 
vertical  canals  stands  perpendicular  to  the  axis  of  the  pyramid  of  the  temporal  bone,  that  is  to  say, 
paraBel  to  its  transverse  diameter,  and  is  called  the  superior  vertical  or  superior  semicircular 

*  The  bonjr  unpulltf  iu«  rompafativdjr  narrow  and  rcpreanit  only  moderate  awelliqgs  of  the  canal.  Comequendy 

the  mcm)>ranuus  attipulhi  almost  rxnijilctcly  tilts  th«  ))nny  one,  wiiilc  the  membraaotti  dnct,  which  Is  much  narrower 
than  th«  ampulla,  >xcu]>k-s  ualy  a  ]>urt  of  the  cavity  of  the  bony  taruU. 
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canal.  It  is  at  the  same  time  the  highest  canal,  and  at  the  point  of  its  greatest  curvature  reaches 
almost  to  the  cerebral  surface  of  the  pyramid,  where  it  produces  the  arcuate  eminence  (sec  Vol. 
I,  page  54).  At  its  anterior  end  it  begins  with  an  ampullar  limb  at  the  superior  osseous  ampulla, 
which  lies  close  to  the  tympanic  cavity  and  the  facial  canal,  and  with  the  following  canal  forms 
the  common  limb  at  its  posterior  end.    .According  to  its  width  and  length  it  occupies  a  middle 
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'.  Plane  0}  the  superior  semicircular  canal  and  the 
angle  which  it  forms  v/ith  tlie  median  plane 

The  two  bony  labvVinlhs  in  their  natural  reciprocal  relations.    I  pon  the  left  side  the  efferent  nervet  have 
also  been  represented  (diagrammaticallyV 


position,  that  is  to  say,  it  is  narrower  and  longer  than  the  lateral  canal,  but  a  little  wider  and 
shorter  than  the  posterior  one. 

The  second  vertical  canal,  the  posterior  semicircular  canol,  lies,  as  its  name  implies,  almost 
parallel  to  the  posterior  surface  of  the  pyramid  of  the  temporal  bone  and  peqx'ndicular  to  the 
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superior  canal,  its  greatest  curvaturp  being  backward  and  downward.  It  begins  in  the  vestibule 
with  an  ampullar  limb  and  a  j.Kisterior  osseous  ampulla,  which  opens  into  the  inferior  wall  of  the 
vestibule  at  a  coiuidcrablc  distance  from  the  other  two  ampullx.  Its  upper  end  unites  with 
the  posterior  end  cftbesupeiMV  canal  to  fora  the  coi^^  The  posteikr  canal  lies  deeper 

than  the  superior;  of  the  thiee  it  haa  the  most  pronounced  curve,  andaoaDsequently  the  longest, 
but  also  the  narrowest. 

The  horizontal  or  lateral  semirirailar  canal  lies  horizontally  in  the  anp;le  made  by  the  other 
two,  and  is  by  far  the  shortest,  but  also  the  widest.  It  has  two  separate  openings  into  the  vestibule ; 
the  ampullar  limb  begins  a»  ^  atnteiiar  portion  cS  the  canal  by  means  of  the  lateral  osseous 
ampulla,  which  lies  next  io  the  superior  ampulla  and  produces  the  proQ^taenoe  of  the  lateral 
semicircular  canal  (see  page  jl86);  the  posterior  portion  fcmns  a  simple  limb,  which  opens  into 
the  vestibule  below  the  common  limb.  The  point  of  greatest  curvature  of  the  canal  looks  laterally 
and  a  little  posteriorly. 

THE  OOCHLBA. 

The  cochlea  (Figs.  775  to  778,  781  to  787,  and  789)  is  formed  hytttcspiral  canal  of  the  cochlea, 
a  spiral  canal  having  two  and  a  half  convolutions  and  lying  in  an  especially  firm  and  hard, 
compact  portion  of  the  pyramid  of  the  temi>oral  hone.  The  spiral  canal  winds  around  an  a.xis 
iuiowTi  as  the  modiolus,  composed  of  spongy  bone  substance  and  liaving  the  shape  of  a  low  cone, 
hollow  in  the  centre. 

Li  the  cochlea  there  may  be  recognized  the  broad  (7  to  8  mm.)  hase  and  the  cupola,  a  blind 
end  lying  oppo>ite  the  bas.e,  at  the  apex  of  the  cochlea.  The  latter  is  directed  toward  the  anterior 
part  of  the  tym|janic  ca\  iiy  and  lies  close  to  Uie  medial  wall  of  the  tuba  auditiva,  while  the  base 
faces  the  internal  auditor)'  meatus.  Therefore,  the  a.vis  of  the  cochlea  is  oblique,  somewhat 
perfjendkufau-  to  the  posterior  surface  of  the  pyramid,  and  is  directed  from  above,  behind  and 
latoratty,  downward,  anteriorly  and  medially.  Its  length  is  about  4  to  5  mm. 

The  bony  cochlear  canal  begins  at  its  vestibular  aperture  in  the  anterior  wall  of  the  vestibule 
(see  below),  and  by  means  of  the  cochlear  fenesira  it  communicates  with  the  tympanic  cavity, 
whose  medial  wall  it  bulges  out  to  form  the  promontory  (see  page  285).  Immediately  adjacent 
to  the  crest  of  the  cochlear  fenestra  (sec  page  286)  the  cochlear  canaliculus  (see  Vol.  I,  page  66) 
arues  from  die  cochlear  canal,  which  continues  onwaid  for  a  short  dbtance,  only  moderately 
curved,  and  then  winds  spirally  about  the  cochlear  axis.  As  it  approaches  the  cupola  of  the 
rochlea  the  canal  becomes  gradually  narrower,  so  that  a  wide,  basal  convolution,  a  narrower, 
middle  one,  and  a  very  narrow  (half)  apical  convolutiMi  may  be  distinguished.  The  middle 
cOQvoluticm  rests  upon  the  basal  one  and  rises  above  its  level;  wink  the  apical  ooavohitioa  is 
inside  of  the  middle  one  and  acarcdy  projects  beyond  it. 

The  modiolus,  like  the  cochlea  itself,  has  a  hase  excavated  by  the  £oMear  area  (see  below), 
which  a  dejire^sion  lying  on  the  floor  of  the  internal  auditory  canal.  It  possesses  spirally  arran<^ed 
foramina  intended  for  the  entrance  of  cochlear  nen'e  fibers  and  forming  the  spiral  joraminous 
tract.  The  axis  of  the  modiolus  coincides  with  the  axis  of  the  whole  cochlea,  but  is  comparatively 
shorts  than  it,  beuig  but  little  more  than  half  as  long.  The  basal  convolation  of  the  cochlear 
canal  winds  about  the  hollow  base  of  the  modiolus,  but,  in  the  region  of  the  middle  convolution 
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Fio.  782. — The  right  bony  labyrinth  seen  from  the  inner  mJc  and  from  behind.  (Enlorgeti  six  times.) 
Fic.  783. — The  right  bony  labyrinth  stt  ii  irom  ilit  outer  side  and  from  in  front.    (Enbuged  sdx  times.) 

♦      Apical  turn  of  cochlea.    ♦*  -    Middle  turn  of  tcKhlc  a.    ***      Iias.1l  turn  nf  cochlcft. 
I'lG.  784. — The  right  bony  labyrinth  seen  from  in  from.    (Enlarged  seven  limes.) 

The  semicircular  canals  and  the  greater  |)ortion  of  the  spiral  canal  of  Iho  CQChleK  have  been  filed  open. 

Fig.  785. — ^The  left  bony  labyrintJi.   (EnUiged  seven  times.) 

PreparatioD  aa  in  Fig.  7S4,  hut  the  veiribiile  and  the  cochlea  have  been  opened  as  far  as  ihc  cupola. 


the  inner  part  of  the  modiolus  consists  of  a  spoQgy  bone  substance  traversed  by  nanow  canais, 
the  lottgitudinal  eofiats  oj  the  modiolus  (Fig.  787),  which  do  not  extend  to  the  tip  of  the  modiolus, 

but  end  blindly  at  a  varyinf^  height,  tlic  longest  canal,  which  lies  in  the  axis  of  the  modiolus,  reaching 
almost  to  the-  cochlear  cjpola.  The  mrxliolus  stops  ul  the  end  of  the  second  (middle)  convolu- 
tion and  passes  over  into  u  bony  lamella,  the  lamina  oj  the  modiolus  (see  below),  and  around  the 
modiolus  also  a  delicate,  bony  lamella,  known  as  the  bony  spiral  lamina  (Figs.  785  to  787),  winds 
in  a  apinl  maimer  and  produces  an  incomplete  division  of  the  cochlear  duct,  the  division  bdng 
completed  by  the  membranous  spiral  lamina  (see  page  277).  The  width  <rf  this  extremely  thin 
bony  plate  is  about  half  of  the  transverse  diameter  of  the  cochlear  convolution  at  any  point, 
the  width  of  the  plate  decreasing  continually  toward  the  cochlear  cupola.*  At  the  upper  end 
of  the  modiolus  the  osseous  spind  lamina  becomes  free  and  curves  around  the  lamina  of  the 
modiolus  m  the  form  of  a  bent  point,  the  hmminu  of  ike  s^ai  tamma  (Fig.  786).  Thus,  a  semi- 
lunar  opening  called  the  tuUcotrema  is  formed  between  the  lamina  of  the  modiolus  and  the 
hamulus  of  the  spiral  lamina.  The  lower  tympanic  scala  htgins  at  the  crest  of  the  cochlear 
fenestra  and  courses  up  spirally  below  the  oss.cou.s  spiral  lamina,  while  the  upper  vestibular 
scala  begins  at  the  vestibular  recess  and  passes  above  the  spiral  membrane  to  the  hdicotrema. 
In  the  region  of  the  basal  convolution  the  tympanic  scala  is  consideiably  larger  than  the  vestibular 
scala,  but  it  becomes  continually  nairower  toward  ^e  cupola  of  tin  cochlea  and  the  vestibular 
scala  correspondingly  widf  r.  The  two  scala;  are  continuous  in  the  mnrcrntrd  cochlea  at  the 
free  border  of  the  l>ony  spiral  mem!>ranc  (tympanic  lipt^  throughout  \\\^•  entire  length  of  the 
spiral  l  unai;  while  in  the  fresh  condition  they  arc  separated  by  the  membranous  lamina  ^.sec 
page  277)  and  communicate  only  at  the  helicotrema.  At  the  base  cS.  the  osseous  spual  lamina 
is  a  spirally  running  canal,  the  i^<d  eatud  of  the  modiolus,  in  which  lies  the  siwa!  ^glion 
(see  below). 

As  reg.irds  the  walls  of  the  enchlersr  ranal,  they  are  formed  by  the  bony  <  ochlea  on  one  side, 
i.  c,  externally  and  partly  su^xTioriy  and  infcrioriy,  and  on  the  ether,  internally  and  partly 
interiorly,  1))-  the  external  surface  of  the  modiolus.  They  are  for  Ae  most  part  smooth,' but 
in  the  first  portion  of  the  basal  convolution,  on  tiie  lateral  wall  of  the  canal  oppoote  the  osseous 
spiral  lamina,  there  is  a  bony  ledge,  the  secondary  spiral  mtmbrane  (Fig.  787),  which  gradually 
flecreases  in  "iizc  and  is  fused,  for  a  short  distance,  with  the  o^^eoii';  antral  lamina  at  the  vestibular 
aperttire  oi  the  cochlea.  Since  tlie  apical  half  convolution  of  the  cochlea  practically  does  not 
I)roject  beyond  the  level  of  the  middle  convolution  the  position  of  the  bony  partition  between 

♦  ron««-<]ueniI;,  lUc  1  tlalivo  width  of  the  niemhramiys  spir.il  Limina  increases  continually  toward  the  cochlear  cupola, 
t  In  addition  to  the  tvnipanic  lip  there  n  aho  a  irsiihular  lip  which  1$  produced  by  a  periantieal  thickcaiiig  of  the 
cochlear  duct,  and  does  not  beloQg  to  the  aaaeoua  apinil  lamina. 
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the  convolutions  of  the.  cochlear  canai  changes  in  the  upper  part  of  the  cochlea.  Tn  the  region 
between  'he  basal  and  mifWlc  convolutions  the  paxtitioii  is  thick  and  is  vertical  to  the  axis  of  the 

mfxiiolus,  but  in  the  middle  convolution  it  become?;  more  intlincd.  and  in  the  apical  convolution 
it  Ix'comes  so  steep  that  it  finally  comes  to  lie  almost  in  the  direct  line  of  the  coehlcar  axis  and  has 
the  form  of  a  half  funnel-shaped  lamina,  concave  toward  the  apical  and  convex  toward  the  middle 
coovolutidn,  known  as  the  lamina  of  the  modidus  (Figs.  786  and  7S7).  It  extends  from  the 
afx^x  of  the  modiolus  to  the  cochlear  cupola,  and  its  curved  free  border,  together  with  the  hamulus 
of  the  spiral  lamina,  forms  the  hcUcotrana. 

THE  INTERNAL  AUDITORY  MEATUS. 

The  internal  auditory  vinilus  (Figs.  779  ami  780)  begins  at  the  internal  auditory  pore  on 
the  posterior  surface  of  the  pyramid  of  the  temporal  bone  and  from  this  ]>asscs  laterally,  as  a 
rather  narrow  canal,  dliptic  in  cniss^ectioD,  into  the  substance  of  the  temporal  bone,  ending 
at  the  lutuius  oj  ihe  internal  auditory  meatus.  Through  the  internal  auditory  foramen  the  acoustic, 
facial,  and  intermediate  Hcc  page  rR-)  ner\cs  and  tlie  internal  auditory  artery  and  vein  (see 
page  86)  enter  the  temporal  lx)ne,  and  in  the  meatus  the  Iwn  main  nen'e-lrunks,  the  acoustic 
and  facial,  separate,  the  intermediate  nerve  blending  with  the  latter. 

At  the  fundus  of  the  internal  auditoiy  meatus  is  an  almost  transvene,  sh'ghtly  curved,  homy 
ridge,  die  transverse  erest,  which  separates  a  superior  smaller  depresdon  from  an  inferkr  huger 
one,  the  former  being  again  divided  by  a  bony  ridge  into  an  anterior  and  a  posterior  jwrtion. 
At  the  anterior  suiM  fior  jjortion  of  the  fundus  is  the  jan'al  rami,  as  a  rather  large,  round  foramen; 
this  portion  of  the  fundus  is,  therefore,  called  the  area  oj  the  facial  nerve.  The  superior  posterior 
portion  is  the  superior  ve^ibular  area;  it  has  a  number  of  smalt  holes,  which  lead  to  the  superior 
cribriform  macuU  of  the  vestibule  (see  page  379)  and  contam  the  branches  of  the  utricular  nerve  . 
and  of  the  superior  and  lateral  ampullar}-  ncr\-es. 

That  |X)rtion  of  the  fundus  which  lies  below  the  transverse  crest  is  dividi-d  into  the  posterior 
inferior  veslibular  area  and  the  anterior  cochlear  area.  The  latter  presents  a  number  of  foramina, 
which  lie  in  the  hollow  base  of  the  cochlear  axis  (see  page  281 )  and  are  arranged  spirally,  re{me* 
seating  the  spiral  focaminous  tract,  while  the  inferior  vestibular  area  transmits  fine  branches  to 
the  middle  cribriform  macula  of  the  vestibule  (for  the  saccular  nerve).  Finally,  there  is  an  addi- 
tional separate.  m(xl(  rauly  large,  round  foramen,  whicli  doe«  not  lie  in  the  fundus  proper,  but 
rather  towarti  the  posterior  wall  of  the  meatus ;  ;  is  the  singular  foramen  for  the  posterior  ampullary 
nerve  and  leads  to  the  inferior  cribriform  macula. 

iHE  ACOUSTIC  NBRVE» 

The  acoustic  nerve  (Figs.  671  and  672),  whose  relations  at  the  base  of  the  brain  and  whose 
origin  in  the  brain  have  already  (page  187)  been  described,  enters  the  internal  auditory  [wre, 
and  in  the  internal  meatus  <].lit>  into  its  two  terminal  branches,  the  coi  hlcar  and  the  vestibular 
neri'es.  Both  lie  close  together  a>  far  as  the  fundii-^  of  the  internal  auditory  nu  atus,  the  former 
being  medial  and  anterior  to  the  iatur.  The  vestibular  nen  e  then  fomvs  a  ganglion,  the  veslibular 
ganglion^  from  which  its  fibers  (sec  page  187)  arise  and  pass  centrifugally,  to  their  termination 
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Fig.  786. — The  booy  labyrinth  seen  from  the  inner  side  and  in  front.  (Enlairged  about  seven  dmes.) 

The  corMea  has  been  filed  open  from  die  tide. 
FiC.  787. — The  bisected  bony  left  cixhka.    (Enlarged  six  times.) 

*  —  Baaal  turn.   •*  =  Middk  turn.         =  Apiod  turn. 
FiC.  788.— The  vestibtiter  atMl  cochlear  fenestne  seen  fitmi  Ae  right  tympanic  cavity.    (Enlarged  iboot 


*  —  Cavity  of  the  pyramidal  eminence.   **  ^  Branches  of  the  inferior  tympanic  vein. 
F)G.  789.-— The  outer  wdl  of  the  right  veatibulei  (Enlarged  two  times.) 

ThcteBpondbaoehaabcenaawninsplaiie|Miand  withtbeHdaaf  thepyian^  *  —  Baari  turn  oi  the  eiochhar 

canal. 

Ftc.  790.— The  right  vestibule  ej^Msed  by  the  removal  of  its  outer  wall.  (Edaigied  three  times.) 


in  the  vestibular  saccules  and  the  semidicular  canals,  and  centiipetally  to  the  nuclei  on  the 
floor  of  the  rham1)()i(1al  fo-^^a. 

At  the  fund'K  of  tlif  intrmal  auditory  mratus  the  vestibular  nerve  divides  into  two  branches, 
the  tUriculo-ampuiiary  aiid  satculo-attipullary  rami.  The  laiier  is  the  lower  one,  and  again 
divides  into  two  branches,  the  saccular  and  pe^erier  atnpullary  nerves,  the  latter  passing  tluougfa 
the  singular  foramen  to  the  inferior  cribriform  macula  and  ramifying  in  the  ampullar  crest  of 
the  j)ost(  rior  semicircular  canal,  while  the  sacnikir  nerw  passes  through  the  inferior  vestibular 
area  to  the  middle  cribril'orm  mnrnla  of  the  vt>titn)lt'  and  to  the  macula  aciisttca  of  the  saccule. 

The  stronger  superior  branch  of  the  vestibular  nerve,  the  uirkulo-ampuUary  ramus,  passes 
through  the  superior  vestibular  area  and  to  the  superior  cribrifocm  n»cula  of  the  vestibule,  and 
divides  into  the  tUricularj  superior  ampttUary  and  inferior  ampuBtay  nerves^  which  mi  in  the 
nrnciila  acustica  of  the  utriculus  and  in  the  superior  and  lateral  ampullar  crests  respectively. 

The  rorhlcar  ncn'c  enters  the  spiral  foraminoti-  tract  in  the  cochlear  area  of  the  fundtts  of 
the  internal  auditor}'  meatus,  and  through  its  foramina  the  bundles  of  the  nerve  pass  in  a  spiral 
anangement  partly  directly  to  the  first  portion  of  the  basal  convolution,  partly  first  through  the 
longitudinal  canals  of  the  modiolus.  In  the  spiral  canal  they  form  the  sj^al  gan^ion^  whose 
bipolar  ganglion  cell-  fn\  c  origin  to  the  cochlear  filjers,  these  passing  centripetally  to  the  nuclei 
of  the  rhomlx)idal  fossa,  and  cenirifui^ally  through  fine  canals  in  the  osseous  spiral  lamina, 
extending  from  the  tympanic  lip  to  the  sj'irnl  organ. 

As  regards  the  development  of  the  labjTinih,  the  membranous  labyrinth  is  first  formed,  then  the  bony  one.  The 
Conner  ariaesfronitbeexlernal  gem  layer  (see  page 307)  and  at  first  appears  as  a  graoveJike  Invagination  of  tlieeBbrjronic 
eclodcnn  callrd  thr  auditory  groove,  which  later  forms  a  vesicle  which  is  at  first  spherical  and  is  known  as  the  auditory 
vesicle  or  labyrinth  vesicle.  Of  the  various  portions  of  the  adult  iab>Tinth  the  endolymphatic  <luc1  (sac)  is  the  first  to 
nialcc  its  ap|)carancc,  and  by  the  appearance  of  constrictions  in  the  w.ills  of  the  vesicle  a  gradual  separation  Into  the  sae- 
calus  and  utriculus  results.  Before  this  is  distinct  the  cochlear  duct  arises  from  what  will  later  be  the  saccutus*  appearing 
first  as  an  almost  straight  evagination  which  only  later,  as  it  increasH  In  lengUi,  hegtna  to  coQ  Ittelf  sphally.  Pram  the 
portion  of  the  auditory  vesicle  which  becomes  the  utriculus  disc-like  growths  arise,  which  later  form  llu-  S(  inicircular 
canals,  the  borders  of  the  disc  widening,  while  the  middle  portion  becomes  thin  and  eventually  breaks  through. 

The  bony  labyrfntb  arises  from  the  caitSa^nous  investment  of  the  auditory  vtsicic,  that  is  to  say,  from  the  ao-called 
cartilaginous  ear  ca)>sulr.  This  gives  plate  to  a  hony  capsulc  which  ia  really  the  foundation  of  the  petrous  portion  of 
the  temporal  bone  (sec  Vol.  I,  page  i;8). 

.\8  regards  the  blood-vessels  of  the  (membranous)  labyrinth,  all  the  arterial  branches  arise  from  the  inUrnai  audi- 
tery  arttry  (see  page  37),  wbkh  passes  Srith  the  auditory  nerve  through  the  inlemal  auditory  meatus,  but  is  distributed 
only  pardy  in  the  labjiArth.  The  brandwa  paaibig  to  tlie  labyrinth  arc:  1.  The  vts^lMar,  3.  The  tvmmm  totMtmr  Ansae*. 
The  former  is  the  main  artery  for  the  vestibular  saccules  anid  the  membranous  semfcirctilw  canals,  supplying  the  lateral 
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and  superior  walls  of  the  sac  uk-s  an<l  iht-  ailjitt-m  ;*oriii>[i<>  <>f  the  supirior  and  lateral  canal.  The  corumon  cochlear 
bnnch  divides  inui  tlx  vtttibuJoatchkiir  and  the  prop*r  cocJtkar  branchei  ;  the  former  supplies  the  medial  as  well  as  the 
poMerior  mil  of  the  two  weatibiilar  ncculet,  tbe  posterior  semidrcHkr  duct  and  the  oomraon  limb  of  the  other  two,  and 
also  the  firit  ixjrlion  nf  tlu-  Ijfisal  rnnvoliitinn  ."f  the  cochlea;  while  the  pmpfr  ri-u-hlcir  branch  su[>jities  ihe  rfrnaiinltr  of 
the  cixhlca,  in  wliich  ibt;  biu^Ki-vesst'ls,  like  the  nerves,  have  a  »piral  course  and  iorm  spiral  ghnrnruJi,  knuwn  i«  the 
nkruil  glomeruli  oj  the  cochlea. 

The  veins  of  the  lab^nth,  in  contrast  to  the  arteries  flow  off  in  three  directioos.  The  mtenui  ouMtry  vwtM, 
which  accompanies  the  corresponding  artcr;-,  receives  only  the  veins  from  the  main  portion  of  the  cochlea  through  the 
spiral  vein  oj  the  miHiinht^  whi»h  runs  in  the  cochlear  axis,  whilL-  ti  c  vein  oj  the  ifstihuJar  tujufJucI  n<hi;  is  thr  tilixxl 
from  the  utriculus  and  the  scmicircuiar  canals  into  the  superior  petrosal  aintts.  The  third  labjTintb  vein  is  the  vein  4>/ 
Uu  taMm  aqtukUK  it  collect*  the  blood  of  the  laociiltis  and  partly  also  th«t  of  the  utrioduB,  anil,  furthermore,  alio  the 
blood  from  the  basal  convolutiao  of  the  cochlea  and  from  the  bony  walls  of  the  cochlea,  and  leads  into  the  transverse 
sis  us. 

The  lAbyriBth,  like  the  eye,  lias  v.o  lymphatics.  The  perilymphatic  spaces  mUSt  be  ttg^ldcd  M  Iyll9h<4pacee: 
they  CMnmunicale  with  the  subarachnoideal  space  through  the  cochlear  aqueduct. 

ThE  HUDDLE  Ear. 

THE  TTBPAVnC  CAVITY, 

The  tympanic  &gvUy  (Figs.  791  and  79a)  is  a  six-«ded,  a{r<oiitaiiijng  cavity  lying  in  the 
temporal  bone,  and  b  mainly  formcxj  by  the  pctrou.s  portion-  and  tym|>anic  portion  of  this  bone. 

It  is  in  direct  communicaiiori  on  the  one  side  with  the  extimal  auditory  meatus  through  the 
aperture  intt-ndod  for  the  tympanum  {>ec  below);  on  the  other  with  the  external  base  of  the  skull 
through  the  musculolubar  canal.  Furthermore,  the  mastoid  atUrum  and  the  ma.stoid  cells 
open  into  the  Qrmpanic  cavity.  The  six  walla  of  the  t)  m})anic  cavity  receive  special  namea 
from  the  parts  with  which  they  are  in  relatioin.  The  superior  wall,  which  b  formed  by  the  tegmen 
tympani  of  the  temporal  bone  (see  Vol.  I,  page  55),  is  called  the  tegmental  wall;  the  medial  wall, 
which  touche^^  the  Ia1)\Tinth,  is  the  lahyrinlh  wall:  the  inferior  wall,  the  jugular  'd'all,  the  jugular 
fossa  lying  on  its  inferior  surface;  the  posterior  wall,  the  masioid  a.>iUl  (since  it  presents  the  entrance 
into  the  mastdd  cells);  the.  anterior  wall,  which  is  largely  occupied  by  the  mouth  4rf  the  musculo- 
tubar  canal,  is  the  aaviid  wotf,  because  of  the  pnndnuty  of  the  carotid  canal;  and  the  lateral 
wall  is  largely  formed  by  the  tympanic  monhrane,  and  is,  therefore,  called  the  memlM'atious  waU 
(in  the  macerated  bone  a  large  aperture  represents  the  region  occupied  by  the  membrane). 

Almost  all  the  structures  of  the  bony  tympanic  cavity  are  connected  with  the  auditory  organ, 
and  are,  therefore,  described  here. 

Tlie  moat  important  structures  of  the  tympanic  cavity  are  in  the  medial  hd)yihith  wall. 
In  about  the  middle  of  the  wall  is  (he  veslikdar  fenestra  (fenestra  ovalis),  which  leads  into  the 
vestibule.  It  is  kidney-sliapif!,  superior! v  ronvev  and  inferiorly  concave,  and  has  a  transver=;e 
j)osilion.  It  does  not  quite  stand  on  the  general  level  of  the  labyrinth  wall,  but  is  at  the  bottom 
of  a  shallow,  recess-like  depression  called  the  fossa  of  the  vestibular  fenestra.  Just  below  it  is  a 
rounded  devation,  the  promontory ^  which  is  formed  by  the  first  portion  of  the  basal  convolution 
of  the  bony  cochlea,  and  o\er  the  surface  of  the  pramontoiy  a  narrow  groove  runs  vertically 
from  above  down,  the  sulcus  0]  the  prnrnmlnry.  diir  to  the  tympanic  nrn-e  (see  page  207),  which 
here  pa.sscs  over  the  metiial  wall  of  the  t ympanii  cavity,  accompanied  by  branches  of  the  tym[)anir 
vessek  (see  below).  Below  and  behind  tiic  promontory  and  almost  completely  concealed  by  ii 
is  a  second,  more  rounded  opening,  the  cochlear  fmes^a  ffenestra  rotunda),  which  leads  into  the 
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Fig.  791. — The  right  tympanic  cavity  opened  by  removing  the  outer  and  the  contiguous  portions  of  the 
antnter  and  superior  walls.  Seen  from  the  outer  aide  and  in  front.  (  Enlarged  about 
two-thirds.) 

Fig.  792. — The  right  tympank  cavity  after  the  further  removal  of  bone.   (Enlarged  about  two-thirds.) 

"nt  carodd,  facial,  and  Bwariikitiitiar  caaab  and  the  ijeen  opened  and  tkie  cxteroal  audilotv 

nu  atus  com|>lcu-ly  rcmuvcd.  *  —  Opening  of  the  cavitjr  of  the  pyranoidal  eminence.      ~  Canty  of  die  pyramidal 

eminence  for  ihe  aupediuSi 


bony  cochlear  canal.  It  lies  in  a  rather  deep  depression,  the  Jossa  of  ihe  cocitlear  jeneura,  and 
has  a  lather  definite  border,  the  crest  of  the  toeUear  fenestra.  The  fossa  is  bounded  posteriorly 
1}  a  Icdgp-likc  bony  ridge  which  starts  from  the  vestibular  fenestra  and  is  known  as  the  subieiUum 

oj  the  prommlory.  Above  thi^^  a  small  j^roove,  the  tympanic  si); us.  C\o<.v  lo  the  nnterior  surface 
of  the  vcstiljular  fenestra  llu-  /<>(  !i!rarijnrrn  process  pTQjvvi^  into  tlx-  iyni[Kinic  cavity  a  curved, 
s|XX)n-Iiki ,  concave  process;  it  is  the  Irtf  end  of  the  sepluni  ol  the  must  ulotubar  canai  (see  Vol. 
I,  pagt^  58). 

The  posterior  wall  of  the  tympanic  cavity,  the  mastoid  wall,  is  for  the  most  part  ocrupied  by 
the  communication  with  the  air-conlaininj?  cavities  of  the  masioid  process  of  the  temporal  bone, 
the  mnstnid  ctlls,  \hv  l\tn])ai)ir  cavity  leading  especially  into  a  larp;e  cavity,  which  is  only  indis- 
tinctly separated  from  it;  this  is  the  mai.lmd  antrum,  into  which  the  separate  mastoid  cells  open. 
In  addition  the  posterior  wall  of  the  tympanic  ca^  ity,  where  it  passes  over  htto  the  medial  wall, 
presents  a  distinct,  elongated  prominence  above  the  vestibular  fenestra;  this  is  the  prominence  of  the 
jacial  canal,  and  corres[X)nds  to  the  midfilc  portion  of  the  facial  canal  (see  Vol.  I,  page  58).  .\bove 
this  pnimincncc  iV  a  larger  one,  the  proniinenrr  nf  thr  lateral  semicircular  canal,  corresponding 
to  the  ampulla  of  this  duct,  and  l>ehind  the  vestibular  fenc  >tra  and  m  front  of  the  inferior  portion 
of  the  pronunence  of  die  fadal  canal  is  a  small  cooe-sbaped  process,  which  is  hollow  and  known 
as  the  pyramidal  eminenee.  Its  cavity  opens  into  the  tympanic  cavity  at  the  apex  of  die  eouncnce, 
and  a  fine  canal  which  leads  from  the  facial  canal  into  its  cavity  contains  the  nerve  for  the  stapedius 
muscle  fscc  helow>.  which  1ic<;  in  ihr  p%Tamida1  eminence.  .Alxsve  the  latter  wc  usually  find  a 
small,  but  deep  groo\  e,  called  the  posterior  sinus.  Furthermore,  in  the  j^slerior  wall  of  the  tym- 
panic cavity,  above  the  posterior  sintis,  is  a  shallow  groove,  the  weudal  jossa,  in  which  the  short 
limb  of  the  incus  (see  below)  is  fastened,  and  the  tympanic  aperture  of  &u  eanaiiadns  of  tiu  chorda 
lympani  (sec  Vol.  I,  page  57)  occurs  ujx)n  a  small,  transversdy  placed  bony  ridge  situated 
just  below  the  rincr  v,  hich  serves  for  the  attachment  of  the  tympanic  membrane  and  at  the  lovrer 
border  of  the  posterior  sinus. 

The  anterior  wall  of  the  tympanic  cavity,  the  c<avlidwaU,  contains  the  opening  of  the  musculo- 
tubar  canal,  and  also  the  orifices  of  the  small  carotico^panic  canaliculi  conung  from  the 
carotid  canal. 

The  lateral  wall  ol"  the  tympanic  cavity,  the  mrmhranous  wall,  is  mainly  represented  bv  a 
round  aperture,  closetl,  in  the  fresh  condition,  by  the  tympanic  membrane,  and  above  it  is  a  small 
bony  plate  behind  which  lies  the  head  of  the  malleus  and  partly  the  incus. 

The  superior  or  tegmentei  tuaU  presents  usually  a  very  shallow  evaginatkm  of  the  tympanic 
cavity,  the  epUympamc  recess,  which  deepens  to  a  hdlow  hemiq>here  toward  the  lateral  wall^ 
to  form  the  cnpnior  portion. 
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The  inferior  ot  jugular  watt  frequently  shows  the  attachment  of  the  styloid  process  to  the 

temporal  bone  in  the  form  of  a  low  elc\'ation,  the  slyhid  prominence. 

All  the  walls  of  the  tympanic  cavity,  excepting  the  promontory  anrl  cpitympanic  recess,  show 
groove-like  depressions  varying  in  size  and  form  called  tympanic  ceils.  They  extend  as  tubar 
(pneumatic)  edb  to  the  praadmal  portkn  of  the  tuha  auditiva. 

The  space  enclosed  by  the  walls  of  the  tympanic  cavity  has  its  smallest  diameter  from  the 
medial  to  the  lateral  waUf  since  both  the  i  romontot}'  and  the  tympanic  membrane  project  into 
the  lumen  of  the  cavity;  fhr  K-a^t  depth  of  ilu-  cavity  in  this  diameter  i<;  2.5  mm.  The  medial 
and  lateral  wall  also  approiich  one  another  below,  and  are  more  widely  separated  above.  While 
the  depth  of  the  tympanic  cavity  is  quite  small,  the  height  is  rather  considerable,  reaching  in 
the  region  of  the  epitympai^c  recess  a  maximum  of  15  mm.;  the  longitudinal  diameter  of  the  cavity 
i>  about  13  mm.  The  measurements,  however,  vary  individually  to  a  very  high  degree.  The 
\\alls  of  tlic  t\Tnpanir  i  a\  ity  arc  not  separated  from  one  another  by  sharp  angles,  hut  pass,  in 
part,  into  one  another  in  an  arehed  manner,  thi'^  being  the  rase  in  the  passage  of  the  anterior 
into  the  inferior  wall,  ihc  superior  into  the  luttral,  and  the  posterior  into  the  inferior. 

THE  AUDTTQRY  OSSICLES. 

The  three  auditory  ossidr^  '  fig"^-  793  to  799),  the  smallest  bones  of  the  baly,  h'e  in  the 
tympanic  cavity  in  such  a  way  that  the  largest,  the  malleus,  is  in  ( ontaet  and  fu^ed  with  the 
tympanic  membrane,  the  middle  one,  both  as  to  its  sisu:  and  position,  the  incus,  unites  the  former 
with  the  smallest  one,  the  stapes^  which  lies  against  the  vestibular  fenestra.  The  three  ossicles, 
therefore,  form  a  chain  extending  between  the  lateral  and  medial  walls  of  the  tympanic  cavity. 

Tlie  nialletis  has  rather  the  shape  of  a  club  than  that  of  a  hammer.  It  ix)ssesses  a  rounded 
head  or  rapilulum,  a  con<frirtion  below  the  head,  the  turk  (roHum).  a  manubrium .  and  also  two 
processes.  The  head  is  the  largest  part  of  the  ossicle  anti  is  rounded  off  at  its  sui^erior  end, 
while  its  posterior  surface  is  provided  with  a  saddle^haped,  transverse,  cartilaginous  articular 
sur&ce  for  the  incus.  The  rounded-off  portion  of  the  head  lies  in  the  epitymponic  recess,  close 
beneath  the  tegmen  tymjjani.  Below  the  articular  surface  of  the  head  there  is  a  strong  constriction 
known  as  the  ttak  or  coUmn,  which,  like  the  head,  al-o  lies  above  the  tympanic  membrane, 
behind  the  thin  plate  of  bone  which  here  separates  the  tympanic  cavity  from  the  external  auditory 
canal.  As  a  prdongation  of  the  neck  comes  the  momArkm;  it  is  an  elongated,  round  rod  of 
bone  which  decreases  sli^tl}'  in  size  from  abo\ie  downward,  is  flattened  a  little  at  the  apex, 
and  U  fastened  throughout  its  entia-  length  to  the  tym|>anic  membrane,  its  broadened  apex 
corresponding  to  the  umlx>  of  the  tympanic  membrane.  The  manubrium  does  not  lie  exactly 
in  the  line  of  the  head  and  neck,  but  fornis  an  angle  of  125®  to  150°  with  them,  so  that  the  head 
and  neck  project  further  into  the  tympanic  cavity  than  the  manubrium.  Of  the  two  processes  of 
the  malleus,  the  laUr^  process  arises  from  the  base  tA  the  manubrium  as  a  short,  thick  process 
which  projects  laterally  toward  tlie  tympanic  membrane  and  [■rcKluces  It  (he  malleolar 
prominence  (see  lielow).  The  anterior  prore^s  (processus  Folianus  gracilis)  is  a  long  -lender 
rod  of  bone,  which  is  usually  longer  in  the  new-lx>rn  (fian  in  the  adult.  It  arises  on  the  anterior 
surface  of  the  manubrium,  and  thence,  lying  in  the  anterior  ligament  of  the  malleus  fsec  below) 
and  gradually  passing  oi-er  into  it,  passes  forward  and  down,  toward  the  petrotympanic  fissure. 
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Fig.  793. — ^Tbe  nght  malleus  from  the  outer  side.    (Enlarged  seven  times.) 

Fig.  794. — ^The  right  malleus  from  in  front.  (Enlarged  seven  times.) 

Fit"..  79S- — The  right  malleus  innu  In-hind.    (En!;ir^;ctJ  ^<;•Yen  times.) 

Fig.  796. — The  right  incus  from  the  uuter  side.    (Kniarged  seven  times.) 

Fio.  797. — The  right  incus  from  the  inner  side.    (Enlarged  seven  times.) 

Fig.  798. —  The  right  >tapes  from  ,iho\e.    (Enlarged  seven  times.) 

Fig.  799. — ^The  right  stapes  from  the  inner  side  and  from  below.   (Enlarged  seven  times.) 

FkG.  800.— The  right  auditory  oaaicks  of  ■  duld.   (Enlai^pd  seven  times.) 

*  =  Articular  projection.  **  —  Site  of  inertioB  of  temor  ijrmpani.   +  =  Site  of  iuiertum  ot  stapcdliia. 


The  mcuj  has  almost  the  shai>e  of  a  double-rooted  molar  tooth  with  unetjualiy  long  rools. 
It  possesses  a  bodjr  and  two  processe?  whidi  are  bimd  at  the  base  and  terminate  in  a  point 
bdbw.  Thtbody  faces  forward  and  has  u]>m  it-,  upjx-r  surface  a  saddlc-lilce  dcpro^ion  which  is 
covered  bv  cartilapc,  for  the  rpccption  of  the  htad  of  tlu-  malkus.  The  h>ii(;  I'nuh  of  the  incus 
lie?  cxatnly  parallel  to  (he  manul)rium  of  the  malleu-,  but  a  little  medial  and  posterior  to  it.  It 
is,  however,  shorter  than  the  manubrium,  and  at  its  end  it  bears  a  small  disc -shaped  expansion, 
the  lenticular  ffocess.  The  short  cms  faces  the  tympanic  antrum  and  is  alnwst  hmrisontal; 
with  its  bltinted  tip  it  tests  in  the  incudal  fossa  of  the  tymimnic  cavity. 

The  stapes  rorresponds  in  shape  almo'^t  rnmpletely  to  it^  name  i,>tirru])l.  It  presents  a  flat, 
oval  Aai^  which  tits  into  the  vestibular  fenestra, and  has,  therefor  -  tt  u[i]>er  convex  and  an  inferior 
concave  border.  In  addition  the  bone  jXteisesses  two  hmbs  and  a  ncad.  The  limbs  arise  from 
the  two  ends  of  the  base  and  pass  almost  horizontally  lateralward.  The  anterior  Hmb  h  some- 
what  the  shorter  and  less  curved  and  the  posltrwr  one  more  strongly  cur\  ed,  the  latter  also  having 
a  roughene*"!  area  for  the  insertion  of  the  tendon  of  the  stapcdiu-  nniscle  just  before  its  attac  hment 
to  the  capiiulum.  The  two  limbs  iinitr  at  the  At  jr/ of  the  >tapcs,  which  bears  a  small  articular 
surface  for  the  lenticular  process  of  the  long  limb  of  the  incus. 

Hie  three  ossicles  are  connected  with  one  another  by  two  joints,  the  artkittaiions  of  the 
amatory  ossicles.  The  union  of  the  manubrium  and  incus  is  the  incudomalUolar  artiadation, 
and  is  a  ^uddlt  -:haped  joint.  The  head  of  the  malleus  has  a  prominently  convex,  the  body  of 
the  inciK  a  ronc  a%  e,  articular  surface,  hoih  beintj  coverwl  with  cartilatie  and  enc  losed  hy  a  delicate 
capsule.  The  articular  surfaces  of  the  two  bones  each  possess,  in  addition,  a  spm-hke  process  on 
the  inferior  surfece,  and  fre(|uently  the  joint  possesses  an  articular  disc.  The  articuhtfon  between 
incus  and  stapes,  the  ineudostapedial  arikulalion,  is  between  the  knticular  process  of  the  incus 
and  he  ad  of  t'lc  sta]>es.  It  is  an  elli[)soid  articulation  resembling  very  much  a  ball-and  --oekt  t 
joii  ! ,  and  has  a  very  thin  capsule.  The  plane  of  the  stapes,  which  connects  both  limbs,  is  almost 
perpendicular  to  tlic  long  axis  of  the  long  hmb  of  the  incus. 

In  addition  to  these  articulations  there  are  also  a  number  of  ligaments  which  huM  the  ossicles 
in  place,  and  also  the  tympanotiapedid  syndesmo^s,  which  is  the  connection  of  the  base  of  the 
stajjes  with  the  vestibular  fenestra.  The  oi)ening  of  the  latter  is  closed  by  ihe  periosteum  of  the 
vestibule,  and  the  narrow  space  which  remain^  betwi  i  n  its  bony  lx)rdcr  and  the  base  of  the  Stapes 
is  filled  by  connective  tissue,  called  llic  basal  ligament  of  the  stapes. 
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Three  ligaments  sen^e  for  the  fixntion  of  the  malleus  (Figs.  801  and  Sot).  The  superior 

ligament  fastens  the  head  of  the  malleus,  in  the  epitympanic  recess,  to  the  inferior  surface  of  the 
icijmcntal  uall.  and  i>  u>ua!ly  very  ^lior'.  TIil'  l<i!ir,i!  Hi^tuiinU  arises  from  ihr  I>order  of  the 
tympanic  membrane  in  tiic  region  01  the  tympanic  notch  ami  passes  toward  tlu-  neck  of  the 
malleus,  where  it  is  inserlcd  at  the  base  of  the  two  processes  of  the  malleus.  The  ankrior  liga- 
ment suiroimds  the  anterior  (FoUan)  process,  passing  directly  over  into  it  and  appearing  to  be  a 
direct  continuation  of  it.  It  passers  to  the  petrotympanic  fissure  and  traverses  tt,  to  be  attached 
to  the  angular  spine  of  the  sphenoid  frfolrotympanit  lii^anii  nt).  A  stronjrer,  more  indrixndcnt 
Inmdlc  of  fibers  jxisses,  unitcni  v.ilh  ihc  ])n  (  cdini;  iiL;amtnt,  bctwn  n  the  neck  of  the  malleu<> 
iind  the  posterior  tympanic  spine.  In  addition  the  manubrium  i»  fastened  to  the  tympanic 
membrane  (see  below). 

The  incus  is  held  in  place  by  the  following  ligaments  (Figs.  Bot  to  803):  The  superior 
ligament  passes  in  front  of  the  bfxly  of  the  incu>  to  tht-  roof  of  [he  tympanic  cavity:  thi-  f>osl(ri<tr 
ligamati  is  a  short,  tense  band,  fastening  the  long  hmb  in  the  incudal  fossa  of  the  tympanic  cavity 
(^cc  page  286).  ^ 

The  giihtrator  mtnArane  0/  the  stapes  (Fig.  804)  is  a  very  delicate  membrane  which  occujues 
the  inter\-al  between  the  limbs  of  the  stapes. 

Tor  t!iL  movement  of  the  auditor}'  o^>ii.ks  there  arc  two  small  muscle-,  tlu  larirer  of  uhirh 
inserted  into  the  mallei"'^,  the  smnlltr  inu)  the  stapc*;.  The  tensor  lympiini  iV\'j.-.  801,  S02, 
and  804  to  8<y>)  is  a  rather  long  muscle  oicupyiiig  the  upi>er  ixiriion  uf  the  musculotubar  canal, 
which  is  known  as  the  semkanat  of  the  tensor  lympani  muscle.  It  arises  from  the  walls  of  the 
canal  and  also  from  the  cartilage  of  the  tuba  auditivA  and  from  the  neighborhood  of  thcspheno- 
)K  trosal  fissure,  and  courses  through  its  semicanal,  rompli  tdy  shut  olT  from  the  tul>a  auditiva 
a>  far  as  it'i  lymjmnir  end  liy  a  <tron[;  layer  of  [k  riosieiim,  and  at  the  root  of  the  cochleariform 
jtrote--  is  passes  o%er  into  a  slender,  round  tendon,  which,  passing  through  the  spoon-like  con- 
cas  ity  of  the  process,  is  bent  almost  at  a  right  anj^  and  then  passes  almost  transveisely  (horn 
within  outward)  across  the  tympanic  cainty  to  the  malleus.  Its  insertion  is  at  the  medial  side 
of  the  base  of  the  manubrium  of  the  malleus,  opjxjsite  the  lateral  i)roct%s. 

The  5/<7/!rf/.'!fT  (Fi«:s.  804  and  Sc>^  is  sma11(T  than  the  tenw)r  fympani  and  is  the  smallest 
muscle  in  the  body.  It  has  an  elongated,  pyriform  shajx;  and  is  completely  incloscxl  in  the  cavity 
of  the  pyramidal  eminence,  from  whose  walls  it  arises,  and  is  inserted  by  a  short,  thin  tendcm 
clow  to  the  capitulum.  After  its  exit  from  the  cai'ity  of  the  pyramidal  eminence  the  tendon  bends 
somewhat  downward. 

The  nmditon'  ossicles  develop  from  varioii';  slructurp;.  The  -ta))C'^  ari-es  from  the  (pre-) 
cartilaginous  labyrinth*  (see  i)age  284),  while  the  malleus  and  incus  have  iheir  origin  from  the 
first  visceral  arch  (sec  page  308). 

While  the  funrtioa  of  the  stapedius  it  itill  unknown,  the  tensor  tympinf.  m  Its  name  {mpUM,  sprves  10  tense  ihe 

tytnpanic  membranr  l>y  dMwinn  the  inalk'us  and  Ivnipanif  mcnil)ranr  inward  lowar<l  the  tympanic  lavity.  Thr  si.ipi  - 
dius  is  innervated  by  the  facial  nerve,  whiih  passes  immediately  U-sidc  it,  while  the  tctuur  tympani  is  supplied  from  the 
otic  ^ngKon. 

*  (Tt  lia»  also  been  nuiliitBtned  tint  the  supes  U  fortncd  from  (lie  upper  «i<l  of  the  second  viscera] 

citriila^c. — Ed.] 
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FiC.  8oi. — The  right  tympanic  cavity  opened  from  above.    (Kniarged  five  times.) 

Thr  Ip^nii'Ti  ts  niji.ir.i,  thr  upiK  r  w.ill  nt  thi  ir.uM  ulolub.tr  lan.il,  .imi  the  r.nif  n!  \hf  ■iia'-liil<i  iintruni  have  Infti 
rentoved;  a  small  poruun  of  the  facial  nerve-  has  been  exposed  in  the  vicinity  uf  the  gcniculum.  *  ~  Folds  of  mucous 
mtmbtam  «f  tbe  Dutitdd  aatmin. 

FtG.  8o9.— The  outer  wall  of  the  right  tympanic  cavity  as  seen  fram  the  inner  side.  (Enbu^ged  five 

times.) 

The  maUetU,  the  incus,  the  teMor  tympui,  the  meoibraoft  tjrmpatil,  and  the  tube  are  shown  in  their  ndprocal 

relations,  .since  the  inner  wall  has  l»ecn  removed  by  a  section  apprnscitnttcly  (MVallel  to  ibc  membrana  tympani.  The 
greater  fiortiun  of  th«  tensor  tympani  has  been  exposed  by  the  removal  of  the  pti-iodteum.  The  stapes  has  been  removed 
with  the  inner  wall  of  the  tympanum. 

Fio.  803. — The  outer  wall  of  the  right  tympanic  cavity  seen  from  the  inner  side.    (Enlarged  &ve  times.) 
General  preparation  u in  Fig.  Eos.   In  addition  the  ciiorda  tympani  and  the  tympanic  aperture  nf  the  cutaUmiiii 

of  the  1  liorfl.i  tympani  have  been  cxiv-»s.il.  tl-.i-  tensor  tympani  «itl'.  tlif  v;ri-.\tt  r  jwiriiiin  t.i  t!i<.-  nnisciiiotulMr  caml 
removed,  and  the  tendon  of  ibe  tensor  cut  oB  tlosc  to  the  oiallcus.    *  ~  Fold  of  mucous  membrane. 

Fio.  8o4.^The  inner  wall  of  the  right  tympanic  cavity  seen  from  the  outer  aide.   (Enlar|^  five  times.) 

P'rnnratinn  a?  in  Fig.  ^oy.  In  ;i.id!tlnn  the  upper  and  tin-  outer  \iii!Js  i-f  tVic  cavity  .tnd  tin-  Rrr.iter  port&niaf  (lie 
external  auditory  meatus  have  been  rtr.i'jvttl.    A  small  jjorliua     ihv  tvmijasur.  membrane  has  been  retained. 

Fro.  805. — The  inner  watt  of  the  right  tympanic  cavity  seen  from  the  outer  side.    (Enlarged  five  times.) 

Prejtaration  as  in  Tig.  S04.  In  addition  the  posterior  wall  has  been  partly  removed,  the  siapetUus  eipoeed,  tlie 
lower  portion  of  the  facial  canal  opened  or  removed,  and  the  external  semicircular  canal  opened  up. 

Fta.  Sa6. — frontal  section  of  the  right  e.xternal  auditon  me  ttu<.  <<f  the  tymixtnic  membrane  and  of 

the  tympanic  cavity.   (Enlaiged  four  times.) 
*  s  Aplad  nam  of  tymimic  cavity. 


THE  TUBA  AUDmVA  OR  EUSTAOnAN  TUBE. 

The  tuba  auditiva.  or  Eustachian  tube  (Figs.  Sot  to  805  and  809  to  8tr)  is  a  kmg,  almost 
straight,  flattened  canal  which  connects  the  tympanic  cavity  with  the  nasopharyngeal  cavity. 
Since  the  tympanic  membrane  (see  below)  is  air-tight,  the  Eustachian  tube  is  ilu  only  way  by 
which  the  air  of  the  middle  ear  stands  in  commimication  with  that  of  the  outside. 

The  tuba  auditiva  is  divisible  into  two  parts,  an  osseous  portion  lying  in  the  semicanal  and  a 
cartUaguunis  portion.  The  osseous  portion  b^ns  at  the  carotid  wall  of  the  tympanic  cavity 
as  an  inegulaily  shaped,  not  very  sharply  defined  oix;ning,  the  tympanic  aperture  (osiium\  and 
follows  e.xactly  the  course  and  ?hapc  of  the  osseous  iscmi-)  trinal.  being  spparatcd  from  [hv  te  nsor 
tymjiani  jiarlly  by  the  bony  septum  of  the  musculotubar  canal,  partly  by  the  j>eriost<  ;il  row-ring 
of  the  muicle  mentioned  above.  In  the  lower  wall,  near  the  tympanic  opening,  there  are  incon- 
stant tabtw  pnetmatic  cdls,  described  above  (page  287).  The  cartifa^pnous  portioa  opens  as  the 
phaiyngcal  api  rturc  into  the  nasopharyngeal  ca\-ity  (see  Vol.  II,  page  41).  Its  transition  into  the 
osseous  portion  takes  place  in  tht-  rL^ion  of  the  sphpnf>petro<;a!  fissure  at  the  medial  oju-ning 
of  the  musculotubar  canal,  the  cartilage  being  attached  directly  to  the  margin  of  the  bony  semi- 
canal. 

Hie  eartUage  of  the  tuba  auditivat  which  serves  as  a  suf^rt  for  the  tube,  occurs  only  in  its 
superior  and  medial  walls.   Its  shape  is  that  of  a  plate,  bent  so  as  to  enclose  a  very  nanow  groove 

fFIp:.  St  rV  the  two  lamella'  eriLln^inK  ihf  gronvp  being  kno\\n  as  the  latrra!  and  medial  cartilaginous 
Idiiutui .  Thev  are  i  ontinuous  hv  their  u])[>er  borders,  so  that  the  groove  opens  dnnTiward.  Tlic 
medial  lamina  in  the  region  where  the  tuba  reaches  its  greatest  diameter,  namely  toward  the  pharj'n- 
gcal  opening,  is  higher  and  considerably  thicker  than  the  lateral,  whidb,  w  a  hook-shaped  plate. 
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is  in  relation  only  with  the  superior  portion  of  the  lateral  wall  of  the  tuba,  while  the  lower  part 
of  the  lateral  wall  and  the  inferior  wall  are  formed  by  a  connective-tissue  membrane,  the  tnem- 
branous  taminot  which  extends  between  the  free  edges  of  the  fiaitikginous  laniiue;  The  medial 
and  lateral  cartilage  laindls  Ue  very  ckae  together,  so  that  the  sptt^ 

and  the  lumen  of  the  cartilaginoas  part  of  the  tuba  is,  therefore,  a  vertical  slit.  The  cartilage, 
where  it  begins  at  the  end  of  the  osseotis  fx>rtion,  is  low  and  narrow,  and  almost  completely  sur- 
rounds the  lumen  of  the  tuba  ring,  but  it  becomes  considerably  thicker  and  higher  toward  the 
opening  into  the  pharynx,  the  medial  lamella,  whidi  is  espedalfy  thkk»  here  causing  the  pro- 
jection known  as  the  torus  tubaiius  (see  Vol  n,  page  41). 

The  cartilage  of  the  tuba  auditiva  rests  upon  the  fiber  mass  which  doses  the  sphenopetrosal 
fissure  and  in  the  sulcus  of  the  tuba  auditiva  of  the  sphenoid  bone,  although  the  iKirtion  at  the 
pharyngeal  opening  projects  freely  beyond  the  Ijone.  Structures  having  an  intimate  relation 
to  the  wall  of  the  tube  are  the  levator  and  especially  the  tensor  veK  palathil,  whose  origins  are 
to  ft  huge  extent  from  fbt  cartilaginous  portian  of  the  tube»  the  latter,  especially,  acting  on  the 
tube  and  dilating  its  lumen. 

The  inner  surface  of  the  whole  length  of  the  Eustachian  tube,  in  the  osseous  as  well  as  in 
the  cartilaginous  portion,  is  Uned  by  a  mucous  membrane  which  is  a  piolon|^tion  of  the  mucous 
lining  of  the  tympanic  cavity.  It  fonns  longltuiSnal  folds  and  contains  mu^us  fbiirfr  and  lympk 
ifoAtfer.  In  the  osseous  portioa  the  lumen  » triangulaiiy  prismatic,  in  the  cartialginous  portion 
alit-Jike  (see  above),  and  its  narrowest  |K)int  is  at  the  transition  of  the  cartilaginous  into  the 
osseous  portion,  and  is  dlsignated  as  the  islhmus.  Here  the  otherwifie  almost  straight  tuba  has 
a  very  slight  bciui,  on  cither  side  of  which  its  lumen  widens  toward  cither  opening,  although  in 
the  caitflj^inous  poitkn  it  is  probably  kept  open  only  by  the  muscte  fibcn  oi  the  tensor  veti 
palatmi.  Its  greatest  width  is  just  m  front  of  the  pharyngeal  aperCtae. 

The  two  tube  auditive  converge  toward  their  phar^Tigeal  openings,  the  direction  of  each 
being  from  above,  behind  and  laterally,  downward,  anteriorly,  and  medially,  describing  an  angle 
of  about  30°  to  40°*  with  the  horizontal  plane,  and  al>out  45°  with  the  median  plane.  The 
downward  incBnation  actually  occuis  only  in  the  cartilaginous  portion,  the  osseous  pmtion  lying 
on  the  whole,  in  the  direct  conthtuation  of  the  aas  of  the  tympanic  cavity.  The  length  of  the 
whole  tube  is  about  33  to  35  mm.,  the  height  of  the  lumen  at  the  pharyngeal  opening  9  mm.,  and 
the  wulUi  5  mm.,  while  at  the  tympanic  opening  the  similar  measurements  are  5  and  3  mm. 

IHB  TraPARlC  ■BBBRANE  AND  IRE  nUCODS  TUNIC  OF  IHB  TmPARinL 

The  lymfaiUe  manhrane  (Figs.  801  to  S08,  812,  and  8x3)  is  a  very  thin  (about  x.  i  mm.), 

and  tightly  stretched  membrane,  which  closes  the  tj-mpanic  cavity  laterally,  and  thtis  forms  the 
boimdan,'  between  the  middle  and  the  external  car.  It  is  almost  circular  and  measures  about 
8  to  9  mm.  in  diameter,  but  is  usually  a  little  higher  (up  to  10  mm.)  than  broad,  and  is  thus 
rea%  a  short  ellipse.  Tn  the  new-bom  duld  it  is  attadied  to  the  tympanic  amulus  of  the  temporal 
bone,  which  fonns  about  three-fourths  of  a  circle,  and  hi  the  adult  a  fine  groove,  the  tympanic 
sulcus,  serves  for  its  attachment.  In  the  upper  fourth  the  boundary  vt  the  tympanic  membrane 
is  lacking,  so  far  as  the  tympanic  |>ortion  of  the  temporal  lx>ne  is  concerned,  and  here  the  squamous 


*  The  iizc  at  the         varies  individually  according  to  the  general  {arm  of  the  skull. 
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i'm.  807. — The  outer  wail  of  the  right  tympanic  cavity  as  seen  (rom  the  outer  side.    (Enlarged  five 
times.) 

The  lynipank  membrane  has  tx-cn  reniovid  together  with  the  wall  cf  the  extenial  auditory  niralus.   *  -~  Laxxr 

oi  {jcriustcum  which  conceals  the  tensor  lynipani. 

FjG.  8o8. — ^The  right  tympanic  membrane  as  seen  from  the  inner  side. 

The  cpnieiils  ol  the  ^pmfwnie  cavity  and  llie  tympanic  mucoua  membrane  have  been  almoat  entirely  removed,  l  ui 
the  inimubrtttni  ct  At  mtHtxa  haa  been  left  bdnnd. 

Fic.  800  — The  cartilage  of  the  tuba  uuditiva  and  its  relations  to  the  base  of  the  sktill. 

Fig.  810.— a  CTOfis^ection  of  the  cartilaginous  portion  of  the  left  tuba  auditiva  near  its  junctitm  with  the 

osseous  portion.    (Enlarged  two  times.) 
FiC.  811.— A  ciosB-section  of  the  cartilaginous  portion  of  the  left  tuba  auditiva  near  its  pharyngeal  mifice. 

(Enlarged  two  times.) 


portion  of  the  temporal  bone  forms  the  arch-like  boimdan'  of  the  tympanic  notch,  extending 
between  the  tympanic  spines  (major  and  minor)  of  the  tympaiuc  portion.  In  the  region  of  the 

tymijanic  notch  the  tympanic  sulcus  is  absent.  The  tympanic  membrane  is  attached  at  the  sulcus 
b\'  a  ciRular  thii  kcninu'.  ihr  fil>ri)<  iir!ilai^iti(>us  ring,  which  foims  the  pccijidieiy  tif  the  tympanic 
membrane,  the  limbus  oj  the  tympank  membrane. 

In  the  tympanic  membrane  two  portions, differing  decidedly  in  character,  can  be  distinguished, 
a  ttme  portion  and  a  looser  superior  or  focdd  portion  (Shrapikell's  membrane),  the  latter  corres- 
ponding to  the  tym|)anic  notch.  The  tense  portion  is  drawn  in  like  a  funnel  by  the  manubrium 
of  the  mallciis.  whiih  fa-tenni  to  it,  am!  tlic  depression  which  is  thu>  formed  upon  the  surface 
of  the  membrane  which  faces  the  external  amiitory  canal  is  callc<l  the  umbo. 

The  tympanic  membrane  consists  of  three  layers:  first,  of  a  middle  lamtm  propria  com- 
posed of  connective  tissue,  and  second,  of  the  epitheliiui  of  the  two  surfaces.  The  medial  sut&ce 
ol  the  tympanic  membrane,  facing  the  tympanic  cavity,  has  an  epithelium  continuous  with  the 
vcrv  thin  mucous  membrane  of  the  tvmpanir  ravilv  and  is  knnwTi  a^  tho  mucous  layer  of  the 
tympanic  tntmbrane.  while  tha!  ot  tlic  lateral  surfai  ( .  fac  ing'  ;1h"  exlemai  auditory  meatus,  is 
continuous  with  epillieliuni  lining  the  meatus  (sec  page  295 j,  and  is  the  relatively  thicker  <:«/<J«<'<;«5 
lay»  0/  the  tympanic  membroHe.  The  lamina  propria  m  th^  region  of  the  tense  portion  of  the 
membrane  consists  of  radial  fibers  on  thi-  lateral  surface  (stratum  radiaium)  and  circular  fibers 
on  the  mcflial  surface  <slratum  t  iri  uhirt  ),  but  lx)th  layers  (that  is,  the  whole  lamina  ])ro[)ria)  are 
ab-i  ni  in  the  flaccid  portion,  so  that  here  the  tympanic  membrane  consists  only  ot  the  cutaneous 
and  mucous  layers,  and  since  it  is  the  lamina  propria  which  gi\'es  tenseness  to  the  tympanic 
membrane,  the  flaccid  portion  is  loose. 

The  lateral  surface  of  the  tyiTij  anic  membrane  (Fig.  813)  has  a  shining  appearance  and 
shows  light  reflections.  The  whole  Un^'th  of  the  manubrit:m  of  the  malleus,  from  tin-  umlio  up, 
shines  through  the  membrane  a-v  a  Itri'^ht  --triii.  the  maileoiar  striti,  and  since  the  apex  of  the 
manubrium  extends  below  the  middle  of  ilie  tympanic  membrane,  the  umbo  of  tlie  latter  has  an 
eccentric  position.  At  the  superior  end  of  the  malleolar  stria  is  a  small  prominence  which  cw- 
res[)<)nils  to  the  superior  border  of  the  tense  jxjrtion  and  is  productxl  by  the  lateral  process  of 
the  malleu--;  it  is  known  as  the  nidltohir  promimtu  r.  The  flarciil  ;K)r;ion  begins  above  this  prom- 
inence, and  otherwise  the  tympanic  membrane  -~eem-  smooth  and  free  from  folds  on  the  lateral 
surface.    This  is  not  tJic  cast.-,  however,  on  the  medial  surface,  which  faces  the  tympam'c  cavity- 
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In  thr  t"l^^l  [ilare  the  manubriuin  i>  noi  taslcnc-d  to  the  membrane  in  such  a  way  lhat  ihe  mucosa 
of  the  lymiwnic  cavity  covers  both  structures  independently,  but  the  bone  is  partly  actually 
imbedded  into  the  substance  of  the  tympanic  membrane  (lamina  profma).  Furthermore,  the 
mucous  membrane  forms  cuned  folds,  the  membranous  fHds  of  the  tyfnpanum,  which  start  at 
the  malleolar  prominence  and  mark  the  bountiHry  Intween  the  tense  and  flaccid  iK»r(ion<  of  the 
nu  mliranc.  There  is  a  shorter  anterior  membramus  jold,  passing  to  the  minor  tympanic  spine, 
and  a  longer  posterior  membranous  jold,  passing  to  the  major  spine. 

The  tympanic  membrane  is  placed  obliquely  to  the  axis  of  the  external  auditory  canal  (see 
page  395)  in  adouble  sense.  In  the  first  place  the  anterior  border  of  the  membrane  is  somewhat 
medially  and  the  posterior  one  laicral,  so  lha'  ihc  anterior  wall  of  the  auditory  meatus  is  con- 
siderably longer  than  the  jx>sterior.  And,  secondly,  the  upper  Iwrder  of  the  mcnil.ranc  is  a  Httlc 
further  forward  than  the  lower  one.  Consequently,  the  membrane  stands  obli(juely  in  the  vertical 
as  well  as  in  the  hoarizontai  plane,  and  it  b  also  funnel-shaped  on  account  <rf  the  dqwession  at 
the  umbo.  The  upper  and  lower  halves  of  the  funnel  form  dif!erent  an^es  with  the  wall  of  the 
auditory  meatus,  the  upper  forming  an  obtuse  (about  140^)  and  the  lower  an  acute  (about  27*) 
angle. 

The  t}'mpanic  cavity  throughout  its  whole  extent  is  covered  by  a  \ery  thin  and  delicate 
imuosa,  which  extends  also  into  the  antrum  and  the  mastoid  cdh,  and  is  connected  with  the 
pharyngeal  mucosa  through  the  tuba  auditiva.  This  mucosa  forms  a  larger  number  of  folds, 

-ome  of  which  arc  extre  mely  <lcli(  ate  in  form.  Bc^irlc  numerous  varinli!r  folds,  there  are  two 
rather  constant  one>  in  the  vicinity  of  the  tympanic  membrane  and  of  the  mallcu-:;  the^e  are  two 
strong,  semicircular  folds  called  the  malleolar  folds.  The  anterior  maiieolar  jold  i^I-'ig.  80,^) 
contains  the  chnda  tympani,  the  anterior  malleolar  li^unent,  and  the  anterior  matteotar  proces.s, 
and,  arising  from  the  major  tympanic  spine,  m  inserted  on  the  nedc  the  malleus.  The  hiigcr 
posterior  malleolar  jold  contains  in  its  narrow  border  the  chorda  t}'mpani  as  it  emerges  from 
the  tymj)anic  afierturc  of  the  chorda  lympani  canal,  anrl  pas-c^  from  the  minor  lympanir  <;pinc 
to  the  neck  of  the  malleus.  It  is  situatetl  \er}'  close  to  the  tympanic  membrane  and  is  partly 
connected  with  its  mucous  layer. 

Usually  there  are  also  mwxras  fdds  in  connection  with  the  incus  and  stapes.  The  itKudal 
jold  passes  from  the  long  limb  to  the  posterior  wall  of  the  tymj>anic  cavity;  the  stapedial  jold 
rover;  the  temlon  nf  the  stajx-dius,  the  stapes,  anrl  the  obturator  membrane  of  lh<'  stajXN.  Smaller 
folds  cover  the  membrane  which  closes  the  cochlear  fenestra,  the  secondary  tympanic  membrane; 
the  tendon  of  the  tensor  tympani  also  runs  in  a  mucous  fold  and,  finally,  folds  are  also  usually 
found  m  the  epitympanic  recess  (see  bcbw). 

A  niimlwr  of  blind  pockets  are formcxl  jjartly  by  the  folds  just  mentioni-fl,  partly  by  projections 
of  the  bony  walls  of  the  'vm[tanir  cavity.  The  -Ht-likc  spaces,  ofM-ninL';  below,  which  are  formecl 
by  the  malleolar  folds  and  lie  between  these  and  the  tympanic  membrane  arc  known  a6  the 
anUriar  and  posterior  recesses  of  the  tympanic  membrane. 

The  superior  recess  of  the  tympanic  membrane  (Prussak's  space)  (Fig.  806)  is  a  narrow 
space  which  lies  between  the  flaccicl  jx^rtion  of  the  tym|)anic  membrane  and  the  ncx-k  of  the 
malleus.  It  is  bounded  inferiorly  by  the  lateral  malleolar  prnr(>«<;.  stiyn-riorly  by  the  lateral 
malleolar  ligament,  and  it  communicates  with  the  posterior  recess  of  the  tympanic  membrane. 
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Fw.  8i9. — The  right  tympanic  membrane  as  seen  from  the  outer  side.   (Enlarged  five  times.) 

The  p-.-iitiT  j>i;.rlion  <<f  ihi-  -.vail  of  ihc  cMrrr'.ai  jui;il<tr\  t;i<-atus  has  brcn  tonoved.  *  ~  Cut turfWV of  the  bmw. 
**     Cross-scctioa  of  the  mucotu  ractubranc  uf  ihc  externa]  auditory  meatus. 

Fig.  813. — frontal  section  of  the  external  auditory  meatus,  of  the  tympanic  cavity,  and  of  the  labyrinth. 

(Enliirgcd  twd  times.) 

i-  —  Apical  rcccM  ol  the  tympuuc  wity.    +  r    -  ObUquc  section  of  the  waU  of  tbe  external  auditory  meatus. 


The  efitympamc  recess  (attic)  (Hgs.  803,  803,  806  and  808)  is  the  portion  of  the  tympanic 
cavity  above  the  t}  ni  panic  membrane  which  contains  the  head  of  the  malleus  and  the  body  of 

the  inni«.  Tt  i?;  hounded  laterally  by  the  lateral  wall  of  the  tympanic  cavity  and  by  the  cupular 
portion  of  the  tegmen  tynii)ani,  and  is  partly  separated  from  the  superior  recess  of  the  tympanic 
membrane  by  the  lateral  malleolar  ligament.  It  contains  folds  of  the  mucous  membrane.  The 
^tympanic  recess,  the  superior  and  the  anterior  and  posterior  recesses  of  the  tjnnpanic  memlnane, 
lie  in  order,  one  bdow  the  other. 


It  ia  rfaaracterlatic  of  the  Mood-supply  of  the  tympanic  cavity  llwt  the  artmal  Imnches  foine  from  several^  sofnttlnics 
rather  distant,  sourtes,  'rln.-re  an-  finir  (lilTi-rrnt  tympanic  arttrii-s,  uhi'.li  mti  r  thi-  lympanu  i.uin  in  dii"Tt'Ti.nt  ways. 
Tbe  largmt  is  the  animar  tymfanic  from  the  internal  maiillary  (sec  page  37),  and  enters  the  tympanic  ca\-ity  in  com- 
jmoy  with  the  chorda  tympani  thrtntgh  the  peiratyiiipuife  fimre;  the  fatkritr  tymfumic  b  a  amall  branch  of  the  ityk>- 
ria->tiii<l  ffrn'Ti  the  postrrinr  ;uiri?-ular,  Set  page  16)  and  passes  through  the  canaliculus^  of  xhc  tli.'irit.i  t\n'.]ii\ni.  the 
injertar  tympanic  comes  itonx  il-,c  ascending  pharyngeal  (sec  page  34)  and  |>asses  through  ibc  umjianit  caaalu  ulus.  the 
SMptrior  tympany  arises  from  tlie  mi<ldle  meningeal  (see  page  sB)  and  passes  through  the  su[>erior  aperture  of  the 
tjrmpanic  canaUotlttii  In  addition,  a  tttroticiftympttnie  bntidi  paian  from  tlw  internal  carotid  (see  page  31)  to  the 
trmpatifc  cs^tty.  A  hranch  of  the  hiferior  tympanic  posses  whh  the  tym|»nic  nave  over  the  prcNiMQtaiy.aiMi  tile  owiliil 
sMr  uf  the  tym)>anir  tiu-nit'rane  is  also  suppli<'<l  )iy  i\w  .uti  rics  of  the  ^rmpanic  cavi^.  Tht  vdos  follow  tbe  arteric* 
in  their  course.    Tbe  lymph-VMsela  are  still  but  little  known. 

The  nerve  of  the  tjnapaaic  cavitjr  (hicluding  the  mvcous  layer  of  the  tjrmpanic  membrane)  is  the  tympaidc  netve, 
which  courses  over  the  promontory  (see  page  107),  and,  together  with  the  sjinpathctic  branches  of  the  plexus  of  the  internal 
carotid  artery  (caroticotympanic  ner\-es),  forms  the  tympanic  plexus  (sec  page  307).  The  chorda  tympani  traverses 
the  tympanic  cavity  without  giving  oiT  any  braocbes,  end  the  fadai  neive,  alio,  except  lor  the  hwervatioa  of  the  stapedius, 
baa  no  distribution  to  the  tympanic  cavity. 

As  iet;snls  tbe  devdopment  of  the  middle  ear.  the  tympanic  cwhy,  as  wcO  as  the  tuba  aodttlva,  is  fanned  Irom 

the  first  fihurvngc.d  {louch,  just  fis  ttii-  <  vrrrna!  .■lurli'.i  .rv  tm  .itus  f ^-i-  tu  l.  .w  'l  \  i  !<  .[is  from  the  remains  of  thf  first  lir.in<  hial 
cleft  (see  also  page  jo*).    The  tympanic  membrane  is  from  the  thin  lamella  which  sei>aratM  the  first  pharyngeal  jxiuch 


from  the  first  fanochial  deft. 

The  Esctbrnal  Ear. 

The  external  ear  consists  of  the  external  tmditory  nteohu  and  the  auride.  The  tyn^ianic 
membdtane  separates  it  from  the  middle  ear. 


The  extertud  audUery  meatus  (Figs.  3o6  and  813)  is  divisible  into  two  portions.  The  raediat 
part  is  enclosed  by  btmc,  and  is  known  as  the  osseous  external  auditory  meatus^  while  the  lateral 
part  is  enclosed  by  cartilage,  and  is  known  ttu-  carfHas^imus  external  auditory  meatus.  The 
two  parts  pass  into  one  another  at  the  external  auditory  \k)tv,  the  n>^con-  i)ortion.  therefore, 
extending  from  the  pore  to  the  groove  in  the  tympanic  portion  01  the  temporal  bone,  in  which  the 
tympam'c  membrane  is  attadied.  Since  this  membrane  is  veiy  oblitiutly  indiuid  li>  the  axis  of 
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THE  EXTERNAL  AUDITORY  MEATUS. 
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the  external  auditor}'  canal,  the  upper  wall  of  this  is  6  to  7  mm.  shorter  than  the  lower,  and  the 
posterior  about  5  mm.  shorter  than  the  anterior.  The  cartilage  of  the  cartilagiuous  poitk»  of 
the  cacteraal  auditoiy  meatus  is  a  part  of  the  cartilaginous  skeleton  of  the  external  car  and  is 
firmly  attached  to  the  external  auditory  pore  by  connective  tissue.  The  entrance  into  the  caiti- 
laginnus  portion  is  in  the  auritle  Ixrhind  the  tragus  (see  below). 

The  externa!  auditor)'  meatus  is  almost  in  the  frontal  plane  and  horizontal,  and,  therefore, 
its  course  from  tiic  auricle  to  the  tympanic  membrane  almost  exactly  from  without  medially,  the 
deviation  bam  the  horizontal  direction  being  but  small,  that  from  the  frontal  plane  a  little  larger, 
the  ajKS  of  the  two  mi  atuses  conveiging  anteriorly.  Furdicnnore,  the  course  of  the  auditoiy 
meatus  i?  not  straight,  but  presents  certain  somewhat  variable  cur\atures,  mainly  in  the  cartilag- 
inous portion.  One  bend  ornir"^  immediately  merlial  to  the  entrance  and  15  convex  sujK'riorly 
and  anteriorly,  and  a  second  one,  somewhat  less  dLtincl  than  tlic  tirst,  is  in  the  neighborhood 
of  the  boundary  between  the  cartilaginous  and  bony  portions,  and  is  convex  posterioriy  and 
inferioriy.    Beyond,  the  osseous  portion  is  again  directed  a  little  fonvard. 

The  length  of  the  external  avidilory  mcalu>  ililTers  consifieraljly  in  different  individuals,  and 
the  length  of  its  roof  also  ditlers  from  that  of  its  tloor  (^ee  Ix  low ) ;  on  the  average  it  is  about  35  mm. 
long,  and  of  this  distance  about  one-third  (14  mm.)  belongs  to  the  osseous  portion  and  two-thirds 
(31  mm.)  to  the  cartilaginous  portion.  The  shape,  and  especially  the  width,  of  the  lumen  abo 
vary  greatly.  A  cross-section  of  it »  usually  inegidariy  elliptic,  but  it  narrows  from  the  entrance 
to  the  end  of  the  rartilapnous  portion  and  then  widens  again  in  the  osseous  part,  and,  finally, 
narrowsdown  onrt  more.  The  inferior  wall  of  the  meatus  forms  an  acute  angle  with  the  tympanic 
membrane  (see  page  293). 

The  lumen  of  the  external  auditor}'  canal  is  lined  b)  a  ])rolongati(m  of  the  integument  of  the 
auride,  which,  greatly  attenuated,  forms  also  the  cutaneous  layer  of  the  tympanic  membrane.  In 
the  ro^^on  of  the  O'^seous  ])ortion  this  integument  is  thin  and  tightly  adherent  to  the  periosteum, 
but  it  is  considerably  thicker  in  the  cartilaginous  portion,  antl,  besides  scluiccous  glands  and  line 
hairs,  possesses  special  ccruminous  glands  wliich  are  to  be  regardc-d  as  modified  sudoriparous 
l^ands. 

As  regards  the  relations  of  the  external  auditwy  meatus  ft  may  be  stated  that  it  lies  in 

the  immediate  vicinity  of  the  tem|K)romandibular  articulation,  being  located  just  behind  it;  and, 
fiirthermore,  the  inferior  and  anterior  walls  of  the  cartilaginous  portion  are  surrounded  by  the 
lobules  of  the  parotid  gland. 

Hie  faiaod-weawb  of  the  cartilagiiuHtt  portion  of  the  cMeraal  auditory  mcotus  ore  hronthw  at  the  aoine  venelt 

which  supply  ihc  aurirlc — namdy,  ihc  antcriitr  auricul.ir  branchfs  of  ihc  superficial  Icmporal  (sw  page  36)  and 
the  auricular  branches  of  the  po.stcrior  auricular.  The  oss<.-ou»  portion  is  supplied  mainly  hy  the  deep  auricular 
branch  uf  the  inlern.i.1  in.ixillary  artery.  The  veins  correspond  to  the  arteries  The  1\ nitit'.  s.  i^ls  flow  partly  to  the 
jMiotid  lymph-nodes  and  portly  lo  the  deep  cervical  nodes.  The  nerves  are — finit.  branches  of  the  auriculotem- 
poral nerve  (set  page  aoj),  which  supply  the  anterfor  surface;  and,  secondly,  the  posterior  surface  is  innervated  by 
the  auricular  t,rar.>  1'..-^  of  the  vagus 

As  regards  the  development  of  the  cxteTial  auditory  meatus  it  is  the  sole  remaining  portion  of  the  first  In'anchial 
groove  of  the  embryo  (ste  page  .?oX)  and  represents  its  dorsal  part.  By  the  sixth  week  of  emhryonic  life  all  other 
delta  have  already  closed,  and  the  ventral  end  of  the  lirst  one  also,  its  dorsal  end,  however,  persisting  to  form  the 
external  auditory  meatus  (see  page  jtj^ ).  The  hony  portion  of  the  meatus  is  entinely  absent  in  the  newborn  child, 
becauv  <>{  tlio  tiit  f>>T:n  ibr  i>  n);>:uii:  ]<artof  the  petrosal  bone;  it  dewiops only  gndually  «•  tUs  part  ot  the 
temporal  bone  assumes  its  trough-like  form  (see  VoL  I,  page  59). 
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Fig.  814. — The  right  external  ear  as  seen  from  the  t>uicr  side. 

Fic.  815. — The  cartilage  of  the  right  extaml  ear  as  seen  from  in  front. 

The  cartjla|*e  i»  reprewnted  in  iu  BAtunl  coimection  with  the  lemparsl  bone.  Tbc  »iii«riar  portion  ol  the  aquanu 
temporalu  has  been  wwn  ««av. 

Fig.  8x6.— The  cartilage  of  the  right  external  c;ir  as  scx-n  from  the  outer  ade. 
Fw.  817. — The  cartilage  of  the  right  external  car  as  seen  from  the  inner  side. 
Fig.  8r8. — The  right  external  ear  separated  from  the  head  and  viewed  from  the  inner  Ujjpcct. 

♦  -  "  Cut  margin  of  intcgumpnt. 
Fig.  819. — The  muscles  of  the  inner  aspect  of  the  aitride.  * 
Fig.  ftso. — ^The  muscles  of  the  outer  aspect  of  the  auricle. 


THE  AURKXE. 

The  auricle  (pinna)  (Figs.  814  to  820I  is  an  elongated,  almost  shell-like  structtire,  fastened 
at  an  aciitc-  ancjli--  on  tlic  lafcr.T-1  surface  of  the  head,  its  rather  ronra^'e  flurfare  bcine  dirc-ctcd 
laterally  and  fonvartl,  while  the  convex  surface  looks  for  the  most  part  medially  and  backward. 

The  frame- work  of  the  auricle  is  a  very  complex  plate  of  dastic  cartilage  tamed  the  earli- 
lage  of  the  <mride,  the  majority  of  whose  folds  can  he  easily  recogniiwd'throuf^  the  skm  without 
furdier  pceparatiod.  The  sharply  bent  border  which  surrounds  the  superior,  posterior.  r,nr !  upper 
parts;  of  the  anterior  surface  of  the  auricle  is  called  the  helix,*  its  anterior  portion,  which  lies 
almost  boriisontally  above  the  external  auditory  meatus,  being  the  crus  of  the  helix,  and  the 
antmorly  directed  spine  occurring  on  this,  the  spine  0}  the  kdtx,  Fbsteriorly  and  inferioriy 
the  hdix  terminates  a  free,  flattened  process,  the  camfo.  Parallel  to  the  helix  is  the  mithdiXf 
which  arises  below  tin  hlulie-t  iioint  of  the  curvature  of  the  helix  by  two  limbs,  the  crura  oj  the 
antliclix,  between  \vlii<  li  i>  a  do  0  d(  jm-ssion,  llu^  lr'hini;ular  jossa,  while  between  the  helix  and 
anthclix  there  is  an  elongattxl,  deep  groove  or  fiurrow  termed  the  scapha. 

The  large  depression  between  the  anthelix  and  the  anterior  portion  of  the  helix  is  the  concha, 
and  is  really  the  fkwr  of  the  auride.  Flrom  it  the  cms  of  the  heh'x  has  its  origin  and  divides  the 
groove  of  the  concha  into  the  cymha  of  the  cotwhc,  lying  between  the  crus  of  the  helix  anil  antht^X,, 
and  the  real  \  (si;bule  of  the  external  auditor)'  meatus,  the  caviiy  oj  the  concha.  The  lower 
anterior  i)art  ol  ilie  cartilage  is  formed  by  the  lamina  oj  the  tragus  and  the  cartilage  of  the  external 
auditory  mcatixs.  The  former,  covered  by  its  integument  (see  bdow),  forms  the  tragus  t  at  the 
anterior  entrance  ci  the  external  auditoiy  meatus,  and  is  continued  medially,  without  any 
demarcation,  into  the  cartilage  of  the  auditory  meattis. 

0]>]i(i-ite  to  the  lamina  trat^ica  tho  a'.iririilar  cartilage  is  slightly  cun'ed  upon  itself,  forming 
the  atitiiragiis,  which  is  se{(aratcd  from  the  caudu  of  the  helix  by  a  deep  fissun',  the  antilrago- 
helicin€  lissurc,  and  from  the  lamina  tragica  by  a  rounded  groove,  the  inUrtragic  notch.  This 
notch  corresponds  to  the  narrow  connecting  bridge  called  the  u/Amtif,  which  connects  the  carti* 
lagc  of  the  external  auditory  meatus  and  the  lamina  tragica  on  the  one  side  with  ihc  main  portion 
of  the  auricular  cartilage  nn  the  oih(  r,  these  two  main  ])ortions  of  the  caitUage  being  separated 
medially  bv  a  deep  slit,  the  (erminal  notch  oj  the  auricle. 

Corres|)onding  to  the  depressions  of  the  lateral  surface  of  the  auricle  tlierc  arc  prominences 

*  At  the  upper  end  of  the  helix  there  ti  fm|UFnily  a  small  projprtion,  the  awitiilar  iliberdt  (Darwb's  lttfeerde)» 

mnd  a  liltle  behind  ils  upj>rr  end  the  helix  i-  '  ff,  n  (ir  iv.  r,  mit     .  .\  p.  .iiit,  llv  lv/l  :f/dr  affJV  (Dsnrin'^Aflex). 
t  Above  tlic  tragus  there  is  oltcn  a  small  prujection,  the  supralragic  tubercle. 
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on  the  medial  surface:  the  eminence  of  the  triangular  jossa,  oj  the  concha,  and  of  the  xapha.  The 
fifst  two  aie  separated  by  the  transverx  sulcus  of  the  c»ihdix\  a  groove  which  conrespainds  to  the 

crus  of  the  anthelix  and  passes  over  into  the  corresponding:  fo^>a  of  ihe  anthclix,  lying  between  the 
three  eminonccs.  The  medial  ^urfa*  e  of  tlic  auriclr  also  shows  a  transverse  fissure,  the  sulcus 
oj  the  hclLv,  wliicli  represents  the  corresponding  elevation  of  the  lateral  surface. 

The  cartilage  0}  the  extenud  auditery  meatus  begins  Uiteraily  as  the  lamina  oj  tlu  tragus, 
and  is  a  groove-like  semicanal  which  is  interrupted  by  (usually  two)  vertical  incisions,  the 
n^hes  oJ  the  cartilaginous  external  auditory  meatus  (notches  of  Santorhu);  the  noncartilagi- 
nous  portion  of  the  wall  (the  posterior  superior  surface)  is  hUed  in  by  connective  tissue,  just 
as  are  the  incisures.  * 

The  external  mtegumcnt  covers  the  cartilage  of  the  auricle  in  such  a  way,  that  almost  ail  its 
devatioRs  are  plainly  visiUe,  a  condition  due  to  the  fact  that  the  slun  of  die  external  ear  is  ahnost 
free  of  fat,  and,  therefore,  fits  itself  exactly  to  the  folds  of  the  auricle.  A  departure  froii)  this 
condition  i-^  found  only  at  the  following  places;  first,  the  auricular  lobe  contains  no  ( artilai;c,  but 
is  a  duplication  of  skin  fillctl  with  an  accumulation  of  fat;  .second,  in  the  antiiragicohelicine 
fissure  tod  the  portion  of  the  terminal  auricular  fissure,  which  lies  between  the  crus  of  the  helix 
and  the  lamina  of  the  tragus,  the  cartilage  is  lacking.  Over  the  tominal  fissure  there  is  a  simple 
IpKIOve,  the  anterior  auricular  notch,  along  which  the  skin  of  the  auricle  cartilage  Ix-comcs  continu- 
ous with  that  of  the  cheek,  and  o\  rr  the-  aniil ra,i;ohi-lii  inc  fi-^tirr  there  is  a  shallow  furrow,  the 
posterior  amii  ular  sulcus.  W  iiile  the  lateral  surface  of  the  auricular  cartilage  is  completely 
covered  by  integument,  only  the  superior  and  jxistcrior  portions  of  the  medial  surface  are  so 
covered,  the  integument  being  reflected  to  the  temporal  and  mastoid  regions  of  the  cranium  without 
actually  covering  the  medial  surface  of  the  concha. 

In  addition  to  thr  three  ix>rt;on'i  nf  the  aiiriculari-  nui-ele  which  sen'o  to  move  the  ear  f«ee 
Vol.  I,  page  179)  there  are  some  other  ver)'  smali  muscles  which  are  no  longer  functional  and 
arc  sometimes  partly  replaced  by  connective  tissue.  The  helicis  major  is  an  elongated,  flat  muscle 
which  passes  from  the  spme  of  the  helix  to  the  superior  border  of  the  bend  of  the  anterior  crus  of 
the  helix.  The  helicis  minor  lies  Ufvon  the  crus  of  the  helix;  it  is  shorter  than  the  pn  i  edini:,  and 
passes  oblitpiely  from  in  front  and  above,  downward  and  backward.  The  tragicus  is  ijroadly 
rectangular,  arising  from  the  lamina  of  the  tragus  and  passing  upward.  The  antitragicus  liis  in 
the  antitragus,  beliind  the  intcrtragic  notch,  and  cormccts  the  anlilragus  and  the  anthelix.  The 
iransversus  auricuUe  consists  of  short  fibers  often  separated  by  interspaces^  and  lies  00  the  poste- 
rior  -nrface  of  the  auricle,  where  it  connects  the  eminence  of  the  concha  with  that  of  the  seajiha. 
The  o''linuus  nurin'Ur  is  a  small,  weak  bundle  which  connects  the  eminence  of  the  triangular 
fossa  and  the  eminence  of  the  concha. 

The  hlowl-vesSfls  of  iho  auricle  arc,  for  ihc  .interior  pari,  l)r.mrhrs  of  the  suprrficiat  lemporal  arltry  {anterior  nuri- 
cuiar  arlerut)  and  lot  the  posterior  part  branches  oi  the  potltrior  auricular  artery.  The  veins  rorrcspond  with  the  arteries. 
The  lympb-vewels  pan  partly  forward  into  the  parotid  lymph*nodrs  in  the  vkinity  of  the  ear.  and  paftljr  backward  into 

Ok  Mpcrfirial  rcrvical  lyir;'i  n  ■iti'; 

The  ncrvfs  of  the  auruJv  h.ivc  tlu  ii  origin  from  very  rliffcrcnt  sourrt-s.  Thr  iiTi  -ni  porliof)  is  •supplied  tiy  the 
auricuUAtmporal  ner.e  from  thr  manflihuLir  (sc-r  pagr  jo^*  through  the  antrrior  .turn ultir  nrrvts,  the  posterior  |Mirtion 
from  the  fvOtrior  branch  oj  the  grtat  aitricutar  nerve  (sec  page  3 14).  The  attrieular  bra  nth  oj  the  vapu  supplies  the  bottom 
ol  the  cavity  of  the  oonchii  as  well  aa  tlie  extenud  auditory  meatti^ 
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Fig.  821.— a  vertical  so.  tion  of  ihe  >ralp.  (EobugBd  twelve  diamctets.) 
Fig.  822. — The  sweat-glands  of  the  axilla. 


The  auricle  is  devclojxd  from  folds  of  the  emtiryonic  integument  in  the  region  of  tlic  external 
aperture  of  the  auditor)-  meatus;  that  is  to  say,  over  the  posterior  border  of  the  first  and  the  anterior 
border  of  the  second  viscoral  arch,  and  becomes  evident  as  early  as  the  fifth  week  of  embiyomic  Hfe. 

THE  OLFACTORY  ORGAN. 

The  superior  portion  of  the  nasal  cavity,  termed  the  olfactory  region,  which  is  distinguished 
by  its  miao9C0|MC  structure,  functions  as  the  olfactoiy  organ  (see  Vol.  II,  page  87). 

THE  6DSTA10RY  ORGAN. 

The  gustatory  wgan  also  is  recogniaible,  mainly  by  its  micrascc^c  structure,  and  is  located 
in  the  papills  of  the  mucous  memlnane  of  the  tongue,  mainly  in  the  vallate  papillae  (see  Vol.  II, 
l»ge  35)- 

THE  BXTERrtAL  OR  OOMMON  INTBGimilENT. 

The  common  inUgument  serves,  first,  as  a  covering  for  the  whole  body,  and,  second,  as  the 
seat  of  the  sense  of  touch  and  of  related  sensory  impressions.  A  distinction  must  be  made  between 
the  true  external  skhi,  the  cutis,  and  its  appendages.  At  the  orifices  of  the  body  the  integument 
becomes  ronlinuou<;  with  (hp  nt  i^hhorinf^  muroiK  membrane  without  any  sharp  line  of  demar- 
cation, as,  for  instance,  at  the  mouth,  nose,  jmlpebral  fissure,  anus,  urethra,  and  female  genital 
organs;  no  such  transition  occurring,  however,  at  the  orifice  of  the  auditory  meatus,  since  the 
lining  of  the  extemai  meatus  is  only  a  continuation  of  the  integument 

The  integuuH  Tit  consists  of  three  layers,  which,  named  from  without  mwavd,  are,  ivst,  the 
epidermis;  second,  the  corium;  and  thiid,  the  subcutaneous,  connective,  or  adipose  tissue,  the 
subcutaneous  teh. 

The  epidermis  is  the  epithelial  part  of  the  integument,  and,  thus  also,  the  origin  of  all  its 
glynrfiilar  appendicular  structures.  It  varies  greatly  hi  thidcness  in  the  different  parts  of  the  body, 
being  thickest  in  the  palm  of  the  hand  and  sole  of  the  foot,  veiy  thin  on  the  eycli<ls,  the  jirepuce, 
the  scrotum,  and  elsewhere.  .\t  the  body  orifice?  it  become^  rnntinuous  with  the  epithelium  of 
the  mucous  mcmlimnes.  and  in  the  colored  races  its  deeper  layers  are  the  seat  of  the  pigment 
formation,  a.-^  it  is  also  in  the  more  strongly  colortil  regions  of  the  "white"  races,  such  as  the 
scrotum,  genitals,  anus,  nipple  region,  and  the  nuddle  luie  of  the  abdomen  in  pregnant  women. 
The  further  structure  of  the  epidermis  is  largely  microscopical  (see  the  Sobotta^Huber  AUas  and 
Epitome  0}  Hisloloi^y). 

The  corium  is  [^Tooved  on  its  extemai  surface,  that  on  I  he  surface  facing  (he  epidermis, 
these  grooves  being  the  sulci  oj  the  cutis,  which  are  variable  in  depth,  some  being  shallow  and 
Others  deeper.  In  certain  r^ons,  as  hi  the  palm  of  the  hand  and  sole  of  the  foot,  where  they  are 
arranged  especially  distinctly  and  mgularly.  they  are  separated  by  small  ledges  called  the  ridges 
0}  the  ctUisy  the  sulci  and  ridges  forming  peculiar  regular  figures,  whose  form  and  arrangement  are 
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variable,  though  characteristic  of  each  individual  (Figs.  827  and  828).  The  corium,  which  is 
f ocmed  by  a  felt-like  reticulum  of  connective-tissue  bundles,  varies  greatly  in  thidcness  in  different 
puis  of  the  body,  usually  corresponding  \N'ith  the  thickness  of  the  eputetinis.  The  numerous 
clastic  libers  of  the  corium  give  a  high  grade  of  elasticity  lo  the  intcgt:mcnt.  and  it  also  possesses 
smooth  mu«c!c  tif^sue,  usually  in  >inall  bundles,  visible  only  on  microscopic  examination,  but 
forming  in  some  places,  as  in  the  tunica  dartos  of  the  scrotum  (see  Vol.  li,  page  139)  and  in  the 
mammaxy  areola  (see  bdow),  a  coatinuous  layer. 

The  taeUle  tondi  are  mbute,  cushion-like  areas  of  the  volar  suiiiBce  of  the  hand  and  the 
pilantar  surface  of  the  foot,  which  are  cs|x;cially  rich  in  sensory  ncr\  i-  endings. 

The  yttbcutanemts  tda  h  practically  continumj<  with  the  cori m  -im  c  its  entire  thickness  is 
traversed  by  large  connective-tissue  strands  of  the  corium,  the  rciniacidu  oj  the  cuiU  (Fig.  821). 
The  subcutaneous  tda  is  separated  firam  the  tissue  lying  below  it  by  a  usually  thin  and  faada-like 
lamma  known  as  the  superfidal  {geneni)  faseia.  Jn  most  parts  of  the  body  the  subcutaneous  Ida 
consists  of  adipose  tissue  which  forms  the  so-called  panniculus  adiposuSf  only  certain  regions, 
such  as  the  cyeUds,  scrotum,  prepuce,  and  auricle,  being  destitute  of  it. 

At  various  points  there  occur  beneatli  the  integument  mucous  sacs  which  arc  called  sttb- 
otfoiMOttf  Anna;,  because  titty  fie  in  the  region  <rf  the  subcutaneous  tda.  Sometimes  they  are  of 
large  siae,  as  is  the  case  with  the  frepauUar  smbcutaneous  hwsOj  but  usually  they  aie  quite  smalL 
The  following  are  the  principal  burse  which  occur:  the  premental  subcutaneous  bursa,  the 
subrutafuous  bursa  oj  llu-  htryngeal  prf>min^re,  ihe  sacral  sitbfuinnrous  bursa,  the  acromial  sub- 
cutaneous bursa,  the  okcranal  subcutaneous  bursa,  the  subcutaneous  bursa  oj  the  medial  and  lateral 
efiamdyUs  of  the  humerus^  the  dorsid  metacarpophalangeal  and  dorstd  dipM  subcakmeoHs  hmetf 
the  irwlMfiterjc  siAaitmiwus  bt^sOf  the  prepaUttar  and  infrapatdlar  subciUamom  burs^t  the 
subcutaneous  bursa  oj  the  tuberosity  oj  the  tibia,  the  stAcutaneous  bursa  of  the  medid  and  laktrtd 
malleoli,  the  calcaneal  suhrutaneous  bursa.  There  are,  in  addition,  a  numlx-r  of  inconstant  bursa-, 
but  those  mentioned  above  are  the  most  constant;  their  locations  are  indicated  by  their  names. 

Tub.  Appendages  of  the  Intbguhbnt, 

THE  GLANDS  OF  THE  CUTIS. 

In  the  integument  there  are  two  kind  of  glands,  differing  in  form,  the  glomiform  and  the 
sehaceous  glands. 

The  ^^emiform  glands  are  found  in  almost  all  parts  of  the  integument  in  the  fwm  of  the 

sudorijerous  glands.  The  real  secreting  portions  of  the  glands  are  coiled,  antl,  at  least  in  the 
better  ricvelopcd  sudoriferoti^  jjland"^.  lie  in  the  su'  cutaneous  tela,  the  excreton*  durt  oermeating 
the  corium  and  epidemiia  to  open  by  a  minute  orifice,  the  sudctrijerous  port.  These  ojicnin^ — 
at  least  those  ol  the  larger  glands— can  just  be  recognized  by  the  naked  eye,  esixxially  upon  the 
ridges  of  the  cutis  of  the  fingers  (Fig.  827)  and  the  toes.  The  sudorifetous  glands  of  the  axiUa 
(Fig.  822)  attain  an  especially  large  size,  as  do  also  the  glomiform  glands  of  the  eyelids  knovTO  as 
the  l  iliary  s;!anrfs  (glands  of  Moll)  f«ee  page  270'!,  the  circumanal  glands,  which  are  as  large  as 
those  of  the  axilla,  and  are  scattered  over  a  zone  about  i  to  2  cm.  in  diameter,  surrounding  the 
anus,  and  the  tmiMMiMW  j/ioiidlr  ofthe  extenial  aiKlitory  meatus  (sec  page  295). 
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Fig.  Saj. — ^The  anterior  aspect  of  the  right  breast  of  a  pregnant  woman. 

Fig.  824. — ^The  anterior  aspect  of  the  dissected  right  mammary  gland  of  a  pregnant  wonaan. 

The  skin  has  been  renjqwed  with  the  cureption  of  that  of  the  papilU. 
Fic.  825. — The  right  mammary  gland  of  a  pregnant  woman;  bisected  in  the  sagittal  plane. 
Fig.  826. — ^The  right  mammary  gland  of  a  pregnant  woman. 

A  circular  strip  of  the  irnqpunent  liu  been  Mdaed  &baat  the  tiippk-  (•  —  cut  margins).  The  inlegumiot  io  the 
ncinity  of  the  nipple  has  beea  reflected  ttnrird  lliii  ilracture  id  cxder  to  show  the  lacdftdous  duds, 


The  sdtactottsj^tands  (fig.  821)  an  almost  always  in  connection  with  the  hair-foUidcs  and 

arc  situated  in  (he  region  of  (he  corium;  they  produce  the  cutawous  sebum,  a  secretion  rich  in  fat. 
The  scbacrmis  jrlands  arc  rntircly  absent  in  those  portions  of  the  palm  of  the  hand  and  the  <n|p 
which  arc  destitute  ot  hair.<,  and  they  arc  Ci>pcdally  large  on  the  ala  of  the  nose,  where  ihcy  occur 
in  OHUiection  with  very  smaU  lanugo  hairs,  and  on  the  labia  minora,  where  they  are  independent 
of  hairs.  Sebaceous  glands  also  occur  on  the  glans  and  prepuce  of  the  penis  and  the  red  portions 
of  the  h'ps.  The  tarsal  (Meibomian)  ^ands  are  especially  modified  sebaceous  glands  of  the 
eyelids  (see  page  27a). 


The  two  mammary  inlands  mii^t  also  lx>  ret»arded  as  glands  of  the  intcijumcnt,  sinrr  thov  are 
really  modifuKl  sudoriferous  glands,  which,  when  in  a  fully  developed  and  at  live  condition,  secrete 
the  milk,  lac,  and,  during  the  first  days  after  turth,  the  cdosfrum.  They  are  paired  glands  »tuatcd 
in  the  skin  of  the  thorax,  mainly  in  the  adipose  tissue,  by  which  they  are  surrotmded,  the  varying 
development  of  the  glands,  and  especially  of  the  associated  subcutaneous  adipose  ti.ssuc,  producing 
a  variable  degree  of  fultu  >s  of  the  brca.sts  in  difTi  rt  nt  indiv  idual<.  The  body  of  each  gland  has 
the  form  of  a  flattened  hemisphere  and  tunsi^u  oi  titteen  to  twenty-four  irregularly  shajxxl 
nummary  UAcs^  which  are  more  or  less  deeply  separated  by  the  adipose  tissue.  Each  tobc  is 
again  divided  into  smaller  lobules  and  has  a  special  duct,  the  Utdiferous  duetf  opening  upon  the 
nipple. 

The  mammary  ptipilla,  or  nipple,  lies  in  thr  middle  of  a  circular,  darkly  pigmentixl  area  of 
integument,  the  mammary  areola.  This  is  distinguished  by  a  lack  of  fat  and  by  the  pri-sence  of 
larger  sebaceous  glands  lying  in  its  periphery,  the  so-called  areekur  glands  (Montgomery's  glands), 
which  fcHtm  small  wart-like  projections.  At  the  time  <rf  lactation  and  also  during  pregnancy 
the  pigment  of  the  mammary  areola  is  considerably  increased.  The  pajiilla  its»  If  is  cone-shaped, 
vary^ing  individually  in  length  and  thitknc-^';;  it  is  covered  by  a  very  wrinklcfl,  delicate  membrane, 
and  is  rich  in  smooth  musclc-lilxTs,  which  form  a  layer  extending  throughout  both  the  papilla 
and  the  neighboring  portions  of  the  areola.  At  its  apex  are  the  orifices  of  the  lactiferous  ducts, 
which  appear  as  fine  openings  about  q.<;  mm.  in  diameter,  and  just  bcfcwe  its  orifice  each  duct 
has  a  spindle-shaped  dilatation,  the  !>!<'i;frous  sinus. 

The  mammary  gland  li(  s  on  the  level  uf  (In  thirrl  to  the  sixth  or  -rvcnth  ribs,  in  the  mammary 
region.  The  level  of  the  jjapilla  is  verj'  varialile  and  usually  corresponds  to  the  fourth  intercostal 
space.  Laterally,  the  mammary  body  has  only  an  ill-delmed  boundary,  and  its  processes  often 
reach  as  far  as  the  axillary  fossa.  It  is  separated  from  the  pect<nalis  major  by  the  fascia  of  that 
musde. 


THE  MAMMARY  GLAND. 
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Only  when  active  does  the-  f^land  attain  its  full  size,  this  condition  being  f:r>t  rtachetJ  toward 
the  end  of  pregnancy.  It  occur^i  in  the  male  in  an  incompletely  developed  condition,  forming 
what  is  termed  the  mamma  vkUis,  Accessory  mammary  glands  and  papilla:  occasionally  occur 
«t  various  parts  of  tbe  body,  usually  in  the  ndghbotfaood  of  the  normal  frauds,  but  occasionally 

in  the  axiUaiy  fossa  or  even  on  the  thigh' 

The  mammary  gland  derives  its  bloor! vessels  from  very  different  sourrcs:  Extrmnl  mammary 
branches  arise  from  the  lateral  thoracic  artery  (see  page  42);  the  lateral  and  medial  mammary 
branches  come  from  the  intercostal  arteries  (sec  page  53),  and  numerous  mammary'  branches 
also  pass  to  the  ^btnd  from  the  internal  mammary  artery.  The  vdrts  accompany  the  arteries 
and  their  roots  anastomose  in  the  areola  to  form  the  iihrumiUary  7rnous  fltxtts, 

Thf  lympluui(^  of  the  mammary  fxland  all  ])a??  to  the  axillarj'  l)'mph-nodc?. 

The  nrrM  s  of  the  mammary  papilla  and  skin,  but  not  of  the  gland  itself,  arc  the  lateral  and 
medial  iimmniary  rami  of  the  lateral  and  anterior  cutaneous  branches  of  the  intercostal  nerves 
(see  page  aaS). 

THE  HAIRS. 

The  hairx  (Fig.  821)  are  finf,  but  lon^,  partly  vt-n'  long  and  thread-like,  homy  formations 
of  the  skin  which  projecl  freely  above  the  surface  by  the  portion  knmvn  as  the  hair  shaft  or  scafms, 
while  the  portion  known  as  the  root  or  radix  is  obliquely  imbedded  in  the  skin  itself  and  is  sur- 
rounded by  the  hair  foUkfe.   At  the  fundus  of  the  follide  the  hair  is  fast«ied  to  the  hair  papUta, 

The  integununt  in  ar>  two  \ar;rties  of  hairs,  the  wool  or  lanugo  Itairs  and  the  stronger 
body-hairs.  Tlu-  ianuf^o  hair  ahvay>  has  thi-  form  of  \  t  ry  fine  hairs,  su*  li  as  tho-e  of  the  eyelids, 
which  can  hardly  Ix*  recognimi  by  the  naked  eye,  partly  as  somewhat  coar^-cr.  hut  always  very 
short,  liairs,  which  arc  foimd  on  almost  all  portions  of  the  skin  where  the  stronger  body  hairs 
do  not  develop.  The  only  portions  of  the  body  entirely  without  hair  are  the  palm  of  the  hand 
and  sole  of  the  ioo\,  the  volar  (plantar)  surfaces  of  tlu  lingers  and  loi-..  tin  dorsal  stirftcc  of  the 
terminal  phalanges  of  ilic  nn<j;i'rs  and  toes,  and  ]>;irtly  also  the  middle  phalanges^  the  glaus penis, 
the  inner  surface  of  thi-  ]ircp;Kc,  and  \hv  red  ]>ortinn  of  the  ltr>*;. 

The  stronger  body  hairs  are  usually  dislinguisiiablc  from  the  lanugo  hairs  by  their  greater, 
sometimes  much  greater,  thickness,  and  also  by  their  being  more  densely  crowded  and  of  con- 
siderable length.  The  eyebrows,  supcrcUia,  eyelashes,  rf/w,  the  hail^  of  &e  nostrils,  vibrissa, 
and  th(  hair  in  the  fir?1  [lortion  of  the  cartilaginous  auditory  meatus,  trai^;.  arc  short;  tho-i  of 
the  he  ad,  mpiUi.  of  the  beard,  barlm,  of  fhc  piihir  rrj^ion,  ptihf:.  and  of  tin  axilla.  /;;></,  are 
longer  and  stronger.  The  hairs  of  ihc  pubit  and  a.xillary  regions  are  jK-culiar,  and  are  dis- 
tinguished, even  in  sttaight-haixed  people,  by  being  decidedly  curled. 

The  hairs  often  occur  in  groups,  as  on  the  scalp.  The  curved  lines  along  which  the  hairs 
arc  arranged  are  known  as  the  Jhimina  pUorum,  and  are  csjicriallv  distinct  in  the  foetus,  and, 
occasionally,  as  at  the  rrou  n  of  the  head,  become  vorlices.  A  crown  occasionally  occurs  in  the 
coccygeal  region,  the  vorlex  roccygeus. 

.  The  hairs  have  a  limited  duration  of  life,  and  after  falling  out  they  are  usually  replaced  by 
new  ones.  This  change  is  very  marked  in  the  cilia,  whose  life  is  only  one  hundred  to  one  hun- 
dred and  fifty  days,  while  the  hairs  of  the  head  are  said  to  attain  an  age  of  &om  two  to  four 
years. 
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Fig.  Say. — The  ridges  and  sulci  of  the  volar  surface  of  the  tingcr-tip.    (Eoiari^  a  :  i.) 

Fic.  838. — Impression  of  the  ridges  and  sulci  of  two  fingers. 

Fig.  829. — A  niiil  removed  from  its  matn'x  and  viewed  from  the  dorsal  stufaoe. 

Fiti.  Sjo. — A  dorsal  view  of  a  finger-nail  in  its  natural  poidtion. 

FtG.  8ji.— A  dorsal  view  of  iht  fingerHoaiL 

The  luul  hu  been  btaecled  by  « loogltudiniU  Jadaion  and  tbe  matrix  cxpowd  upoo  the  left  side. 


Typical  sexual  difterenGes  occur  in  the  growth  of  hair,  as  the  absence  of  beaid  uid  anal 
haii«  and  the  sharply  outlined  growth  of  hair  of  the  mans  pubis  in  the  female. 

THE  NUL& 

The  naUs  (Figs.  829  to  831)  are  thin,  homy,  transparent  plates  whidi  are  fastened  to  the 
dorsal  stu&oes  of  die  terminal  phalanges  of  tho  fingers  and  tcx  s,  and  are,  therefore,  twenty  in  num- 
ber. They  arc  strongly  run'cd  transversely  to  the  a\i^  of  ihi-  phalan.v,  the  curve  being  convex 
dorsally.  The  largest  jiart  oi  ihu  nail  i>  free  and  is  known  as  the  body,  and  the  thin  border  whic  h 
extends  beyond  the  distal  end  ol  the  plialaiix  is  termed  the  jree  margin.  The  posterior  thinner 
portion,  the  roo/,  lies  in  a  fold  of  the  integument,  the  ungual  fM  (see  below),  and  tommates  with 
a  sharp,  usually  convex  border,  the  concealed  margin,  while  the  lateral  walls,  which  are  also 
largely  contained  within  the  cittaneous  fold>  of  the  cutis,  are  known  as  the  lateral  nuirgiris.  At 
the  line  of  transition  of  the  root  into  the  Ixxly  of  the  nail,  es]>eciaily  in  the  case  of  the  thumb-nail, 
there  is  a  whitish,  semilunar  area,  the  lunula,  wliich  represents  that  part  of  the  area  of  the  for- 
mation of  the  nail  which  projects  beyond  the  watt  of  the  nail  (see  below).  Tbe  convex  surface 
of  the  nail  is  smooth  while  the  concave  surface  is  finely  ribbed,  the  homy  nail  on  this  surface 
pas.sing  without  interruption  into  the  non-comificd  germinal  laytr  of  the  ejiidermis. 

The  nai!  n-sts  by  its  concave  inferior  surface  upon  the  mairi.\\  whic  li  is  a  part  of  the  integu- 
ment free  from  glands  and  adhering  to  the  dorsal  surface  of  the  unguicular  tuberosity  of  the 
tenninal  phalanx  by  strong  connective-tissue  fibers.  On  its  free  sittiaoe,  lacing  the  inferior  sur- 
face of  the  nail,  it  shows  distinct  longitudinBl  ridges,  the  ridges  of  the  matrix.  The  cutaneous 
furrow  in  which  the  root  and  the  posterior  part  of  the  lateral  border  of  the  nail  are  situaleil  is 
called  the  snlf-Ks  nf  the  matrix,  and  the  fold  of  integtmient  which  fxirtly  covers  tlie  margin*  of 
the  nail  is  the  wail.  1  he  body  of  the  nail  is  closely  adherent  to  the  matrix  throughout  the 
greater  portion  of  its  loigth,  only  the  distal  part  of  the  nail  being  free  on  both  surfaces. 

APPENDIX  I. 

THE  REGIONS  OF  THE  HUMAN  BODY.* 

In  the  human  body  thtrre  may  be  distinguished,  in  the  first  place,  certain  main  {Wts,  such 
as  the  head,  the  meh,  the  tnuik,  and  the  extremities;  and  the  trunk  is  again  divusibte  into  the 
thoraxy  ^fdomen,  and  back  or  dorsim*  The  extremities  are  divided  into  the  upper  and  the  hmer 
extremities. 

*  Sinrc  the  s{)vci:i1  lev  ription  of  the  rtgions  of  the  hiiniu  body  belongs  iiraperly  to  topognplik  analoniy,  only 
a  short  account  of  ihcm  is  given  here. 
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APPENDIX. 

The  KegioQS  of  the  Head.  The  facial  portion  of  the  head  h  knorni  as  the  jitrf.  In  the 
cranial  portion  there  are  the  /rtw^,  the  verlex,  liie  temples,  the  occipul,  and  the  iincipui. 

The  region  of  the  fordiead  is  known  as  the  fronUi  regUm,  On  either  side  of  this  unpaired 
region  there  may  be  recognized  as  a  subdiviaon,  the  su^tntrlntal  region,  corresponding  to  the 
eyebrow?.  On  i.ither  <ide  of  the  head  are  the  tcmporaJ  regions,  and  above  tliese  the  unpaired 
parietal  region,  the  latter  rorre^pondinm  in  its  extent  to  the  two  [larieial  bones,  while  the  former 
corresponds  largely  lo  the  s(|uama.-  ol  the  temporal  bones.  Behind  the  parietal  region  is  the 
Mxip&d  region,  also  unpaired;  the  regton  about  the  auricle  is  lius-cuneular  ngiottf  and  the  small 
jvgian  behind  it,  the  maskdd  reghtt,  this  cnresponding  to  the  mastoid  poEtkn  of  the  tempocal 
bone. 

The  Regions  of  the  Face. —  i  he  tujsal  region  eorrc^^ponds  to  the  external  nose.  The 
oral  region  is  the  region  about  the  mouth,  and  is  again  divided  into  the  superior  and  injerior 
Idnel  regioHs.  At  the  chin  is  the  metUdi  region,  which  is  also  unpaired.  The  (paired)  dieelt 
region  is  called  the  buccal  region,  and  the  region  about  the  eyes  the  orbital  region;  it  is  also  paired, 
and  i<  again  divided  into  the  superior  and  inferior  pdpehral  regions.  Helow  the  orbital  region 
and  bordering  me(h'ally  on  the  na«a!  rej^ion  is  the  injrn  orbital  region,  and  also,  more  laterally, 
the  zygomatic  region,  which  extends  to  the  temporal  region.  The  paroiideomasseteric  region  lies 
bdiind  the  buccal  region  and  below  the  zygpmatic  and  temporal  regions;  its  posterior  part,  which 
extends  back  to  the  superior  portion  of  the  stemodddomastoid  region,  is  called  the  relnmath 
dSbudat  fossa. 

The  Regions  of  the  Neck.  The  neck  is  divided  by  a  line  corresponding  to  the  anterior 
border  of  the  trapezius  into  the  true  ncclc,  coUum,  and  the  ntuha  (cervix).  The  latter  contains 
only  the  unpaired  posterior  region  of  (he  coUum  or  nuchal  region,  lying  below  the  occipital  region, 
and  the  mduA  fovea,  which  is  a  small,  triangular  depression  below  the  external  occipital  pro- 
tuberance.* 

The  rollum  is  divided  by  the  stemorleidomastotd  into  two  main  regions,  an  unpaired, 
anierior  region  oj  the  neck  and  a  lateral  region  lying  between  the  Ijordcrs  of  the  sternocleido- 
mastoid, trapezius,  and  the  clavide.  The  portion  over  the  sternocleidomastoid  itself  is  known 
as  the  stemodddomastoid  region,  and  the  lower  portian  of  this,  lying  between  the  two  heads 
of  the  muscle,  is  called  the  minor  supraclavicular  region. 

Tn  the  latpral  region  of  the  neck  the  depressed  area  aljove  the  clavicle  is  called  the  mpra- 
clovicuiar  jossa,  and  the  region  between  the  clavicle,  the  inferior  border  of  the  inferior  belly 
of  the  omohyoid,  and  the  posterior  border  of  the  stetnoclcidomastoid  is  the  omotiaviadar 
Ingpng, 

The  anterior  neck  region  is  divided  into  unpaired  and  paired  subdivisions.  The  impaired 
part-^,  cotmterl  from  above  do^^-nward.  arc:  7.  The  suhnu  ntol  region,  Ij-ing  below  the  mental  rc^on 
and  extending  laterally  to  the  anterior  belly  of  the  digastric  nmsdc.  2,  The  hyoid  region,  cor- 
xesponding  to  the  hyoid  bone.  3  The  siMtyM  region,  the  space  between  tiie  hyoid  bone  and 
larynx.  4.  The  jorya^eof  re^jim,  correspondii^i;  to  the  thyreoid  cartilage.  5.  The  thyreoid  region, 
corresponding  to  the  surface  of  the  thyreoid  gland.  6.  The  suprasternal  region,  below  the 
larynx,  above  the  sternum,  and  mcxiial  to  ttie  two  sternocleidomastoids,  the  most  di^>ressed 

*  The  depreaion  it  between  the  medial  borders  of  the  Mmupinales  capitis. 
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portion  of  which  is  called  the  jugular  jossa.  The  paired  subdivisions  of  the  lateral  neck  region 
are: 

(.  The  st$bmaxitUiry,  bounded  by  the  base  of  the  mandibk  and  the  two  bellies  of  the  digastric 

muscle. 

2.  The  CiimtiJ  jossa,  Wlrif;  on  \hc  anterior  Iwrtler  of  the  upper  half  of  ilu  >:i  rnocleidomastoid, 
bounded  supi  riorly  by  the  jHi>icrit>r  belly  of  the  digastxic  and  the  stylohyoid,  and  anteriorly 
bordering  on  the  hyoid,  subhyoid,  and  thyreoid  regions. 

Tha  Rations  of  tha  Trunk.— To  determine  the  position  d  the  organs  of  the  trunk  the 
following  lines,  in  addition  to  the  intercostal  spaces,  are  employed :  the  anterior  and  posttrior 
vtttliiin  lines;  the  sternal  line,  parallel  to  the  first,  on  the  lutend  l)orfl<  r  nf  the  slemum;  the  mam- 
miUary  litie,  through  the  middle  of  the  nipple;  the  paraslernal  lin^,  between  the  two  preceding 
and  parallel  to  them;  the  axillary  line  passing  from  the  highest  point  of  the  axillaiy  fossa  ver- 
tically downward;  and  the  scaptiiar  line,  parallel  to  the  posterior  median  line,  throt^  the 
inferior  angle  of  the  flcapula.  Tile  regions  of  the  tnink  are  divided  into  the  pectoral,  abdo- 
minal, nml  '''^--nl. 

The  Pectoral  Regions. — In  ti>e  thorax  there  is,  in  the  first  place,  the  unpaired  anterior 
peeler^  region,  separated  from  ihc  paired  lateral  pectoral  regions  (right  and  left)  by  the  border 
of  the  pectoralis  major  (anterior  axillary  foMV 

In  the  anterior  pectoral  region  are  tlu  following  subdivisions; 

Tho  unpaired  stenuil  r,  i^imt.  corrc^poiKlini;  lo  ;hc  siirf.'u  r  of  the  sii-mal  Lonf,  and  the  clai'- 
ictdar  region,  having  the  same  relation  to  the  ilavicie.  lielow  the  clavicular  is  the  j>aired  injra- 
clavicular  region,  whose  lateral  portion,  bordering  on  the  deltoid  region,  is  the  ddfoideopectoral 
trigone^  or,  since  it  is  often  de}»essed,  the  infradavictdar  fossa.  On  dther  aide,  next  to  the 
inferior  portion  of  the  sternal  region,  is  the  mammary  region,  corresponding  to  the  mammar)' 
gland  in  thr  fctnalr  and  to  ilu-  s!{-morf>-;taI  pari  of  ilic  pectoralis  major.  Connericd  with  it, 
inferiorly,  i>  the  jmired  injramammary  region,  which  forms  the  lower  end  of  the  thorax  and  is 
separatiil  from  the  abdomen  by  a  transverse  Unc  crossing  the  lower  border  of  the  sternum. 

The  lateral  pectoral  region  is  divided  mto  two  indistinctly  separated  portions:  the  npfier 
axiUary  region  with  the  a.xillar}'  fossa,  and  the  lower  lateral  co^ai  region.  The  a.villary  fossa  is 
boundeii  by  the  axillary  jolds.  tlie  unti  rlor  nxilliry  jnjrl  rnm.-'^]*onding  to  the  border  of  the  pec- 
toralis major  and  the  posterior  axillary  jdd  lo  that  of  the  lalissimus  dorsi. 

The  Abdominal  Regions. — The  abdomen  is  divided  by  two  paraUel  horizontal  Unes  (an 
upper  one,  which  connects  the  lower  borders  of  the  coatal  arches,  and  a  lower  one,  drawn  between 
the  anterior  suj'erior  iliac  spines")  into  three  main  regions  Ivnng  one  ujjon  the  other:  (be  epigaslriCf 
the  mrvns^nstri, ,  an<l  ilu  livpogastric  region:^.  Tn  the  ejiigastrii  reirion  there  t>  an  area,  corres- 
ponding to  the  infrastemal  anp;1c  '>re  Vol.  I,  page  35),  which  is  usually  depressed  and  is  known 
as  the  scrobiculus  cordis.  Lateral  lo  the  epigastric  region  on  either  side,  below  the  inframam- 
roary  region,  is  the  hypochondriae  regioUt  corresponding  to  the  costal  ardies. 

The  mesogastric  region  isdiWded  into  the  middle,  impaired  umbilical  region,  whU  h  int  ludi  s 
the  pari  a1»o'.u  the  umbilicTT;  and  the  median  jx>rfion  of  both  recti  alxlomini^^  muscles, and  the 
lateral  abdominnl  region,  which  borders  superiorly  on  the  hypochondriac  region  and  is  bounded 
inferiorly  by  the  iliac  crest. 
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The  hypogastric  region  is  dividtxi  info  a  miHH!**,  unpaired  pubic  re^wn  with  ths  moitt  filbiSf 
and  paired  lateral  inguinal  regions,  whose  lower  limit  is  the  inguimil  ligament. 

The  Dorsal  Regioas.— The  dorsum  «iiilnBces,  besides  the  true  back,  also  the  ghitetd, 
anal,  and  perineal  regians.  The  unpaired  medum  doniA  regitm  extends  from  the  inferior  end 

of  the  nuchal  region  to  the  superior  end  of  the  sacral  region  and  corresponds  to  the  width  of 
the  vertebral  column.  The  sacral  region  is  the  direct  continuation  oi  the  median  doisai  regian 
and  torresi)on(is  to  the  dorsal  surface  of  the  sacral  bone. 

On  cither  side,  lateral  to  the  median  dorsal  region,  is  the  scapidar  region,  the  extent  of  which 
is  determined  by  the  scapula;  and  above  the  scapular  region  is  the  suprascapular  regioit,  which 
extends  laterally  to  the  axillary  region,  while  below  it  is  the  tnfrascafudaf  region,  the  lateral 
boundary  of  which,  toward  the  lateral  pectoral  and  hypochondriac  regions,  is  formed  by  the 
Interai  border  of  the  lalis<,Imus  dorsi  and  its  inferior  boundary  by  the  twelfth  rib.  On  either 
side,  next  to  the  medial  border  uf  the  scapula  and  the  median  dorsal  region,  is  a  narrow  band 
which,  with  the  adjacoit  pntion  of  the  preceding  region,  fonns  the  unpaired  inlerscapidar  region. 

Below  the  infraacaputar  region,  on  either  side,  next  to  the  median  dorsal  region,  is  the  lumbar 
region,  which  extends  dou-n  to  the  crest  of  the  ilium.  The  eoxal  region  is  sefxirated  from  the 
Ivimhar  and  lateral  afxiominal  regions  by  the  iliac  crest,  while  the  lateral  (superior)  border  of 
tlic  gluteus  maximus  separates  it  from  the  gluteal  region.  This  almost  corresponds  with  the 
large  gluteal  muscles,  but  extends  down  only  to  the  luteal  sulcus  (see  Vol.  I,  page  932),  which 
fonns  the  boundary  between  the  buttock  and  thigh.  Laterally,  the  gluteal  region  borders  upon 
the  trochanteric  region.  At  ihe  lower  end  of  the  trunk  is  the  impaired  perineal  region,  which 
borders  on  the  sacral  region  sujx'riorly,  and  on  the  gluteal  ri<^ions  laterally.  The  shafjc  of  this 
regi<m  almost  corresponds  to  that  of  the  pelvic  outlet,  and  ii  is  divided  into  a  posterior <2n<2/ and 
an  anterior  urogemtd  region;  the  htter,  indudhig  the  pudendd  region,  being  occupied  by  the 
external  genital  organs. 

The  Regions  of  the  Upper  Extremity. — The  upper  eTtrcmity  i>  dividefi  into  the  upper 
arm  or  bracltium,  the  forearm  or  antibrachium,  and  the  hand  OT  tnanus,  and  the  hand  is  again 
divided  into  carpus,  metacarpus,  and  digits. 

The  usually  somewhat  flattened  region  which  forms  the  summit  of  the  shoulder  is  caUed  die 
acromial  region^  and  tliat  corresponding  to  the  ddtoid  muscle  is  the  ddtaid  r^ion,  which  extends 
into  the  scapular  region  of  the  dorsum.  The  true  brachium  is  divided  into  anterior,  medial, 
posterior,  and  lateral  brachial  regions,  anfi  at  the  elbow,  cubituf,  there  are  aKo  anterior,  medial, 
posterior,  and  lateral  cubital  regions.  The  most  depressed  spot  of  the  cubital  region  is  called  the 
'  cuMfiiif  lossa,  and  the  part  of  the  posterior  cubital  region  corresponding  to  the  olecranon  of  the 
ulna  is  the  clecramd  region. 

Tn  the  forearm,  as  in  the  uppa  arm,  there  is  a  votv,  ulnar,  posterior,  and  radial  antibraekial 
region. 

The  hand  is  divided  into  the  volar  and  dorsal  regions,  and  in  the  digits  there  are  the  volar 
regiotts,  the  dorsai  regions,  and  tiie  ungnicular  regions,  which  bear  the  nails.  The  thumb  is 
called  the  p^lex;  the  forefinger,  index;  the  middle  finger,  third  or  medial  digit;  the  ring  finger,  the 

fourth  or  annular  digit:  the  little  fm'^vr,  the  fifth  digi!  or  minimw!. 


The  Regions  of  the  Lower  £.Ytremity. — In  the  leg  there  is  the  thigh  or  jemur,  whose 
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upper  boundary  is»  anteriorly^  the  inguinal  ligament  and,  pofiterioriy,  the  gluteal  sukus;  It  is  such 
followed  by  the  knee  or  genu,  then  the  leg  or  cfM5,  and  the  foot  or  the  latter  being  divided  ihe  i 
into  tarsus,  nuialarsus,  and  dif^t!s. 

The  portion  of  the  thigh  which  corresponfJs  lo  the  greater  trochanter  and  borders  medially 
on  the  ^uteal  region  19  called  the  inekaHittic  region,  and  there  are  an  anterior,  a  medial,  a  posterior, 
and  a  laierei  femoral  regioih  The  part  of  the  anterior  fenunal  region  which  lies  immediatdy  oigz 
below'  the  inguinal  ligament  is  called  the  subinguiml  region*    In  the  knee  there  is  an  anterior 
and  a  posterior  region;  in  the  middle  of  llu-  laftcr  is  the  popJiiral  jossttj  and  opposite  it,  in  the  who 
anterior  region,  is  the  patellar  region,  corresix>n<iing  to  the  patella.  lirat 

The  cms  is  divided  into  an  anterior,  medial,  posterior^  and  lateriA  crural  region.    The  upper 
part  of  the  posterior  crural  region,  which  corresponds  to  the  calf,  is  called  the  sw^  region.  The 
regions  of  the  ankles  are  known  as  the  malleolar  regions  (medial  and  lakr«t)t  and  the  parts  behind  |{ve 
the  ankles  nre  the  retromalleolar  regions  (medial  and  lateral"'. 

In  the  foot  there  is  a  dorsal  and  a  plantar  region,  and  also  a  calcaneal  region.     In  the  toe*      '  ^  ^ 
there  arc  dorsal  digital  and  unguiciUar  regions.   The  big  toe  is  called  hallux;  the  little  toe,  the 
fifth  digit  or  mittimus. 
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From  its  development,  as  well  as  from  its  internal  organization,  the  trunk,  together  with 
the  hi  ad,  which  lies  in  direct  continuity  with  it,  is  to  be  regarded  as  the  main  portion  of  the  body, 
the  limbs  or  extremities  being  merely  appendicular  structures  which  do  not  contain  any  visceral  ^ 
Structures,  but,  in  addition  to  the  general  integument  the  body,  consist  only  o|  the  skeleton  and  ^ 
muscles,  with  the  nerves  and  vessels  belonging  to  thcnu 

The  viscera  of  the  human  bofly  are  primarily  two  parallel,  longitudinal  canals  which  are 
so  plart-d  in  the  embryo  that  nn< .  the  medullary  canal,  is  found  on  the  dorsal  side  of  the  l>ofly, 
the  other,  the  alimentary  canal,  on  the  ventral  side.  Between  the  two,  as  the  precursor  of  the 
much  later,  bony  skeleton,  is  the  cftoria  dorsaHs,  wliich,  with  the  exception  of  a  few  insignificant  J 
remains  (see  VoL  I,  page  tfo)  is  completely  degenerated  in  the  adult.  Both  canals  are  enclosed 
by  the  body  wall,  wlii*  h  consists  of  integument,  skeleton,  and  musculature,  and  surrounds  both 
vi-t  rr:il  <  anal-  >o  that  each  lie^  tn  a  ranal-like  cavity,  the  medtillarj'  canal,  in  the  neural  canal 
or  neural  cavity,  and  the  alimentary  canal,  in  the  visceral  canal  or  cavity. 

The  medullary  canal,  early  in  the  development,  shows  a  dub-skapcd  enlargement  of  its  head 
portion  which  represents  the  brain,  and,  concsponding  to  this,  the  neural  canal  also  shows  a 
correspondmg  cxpar-ion  which,  Hke  the  remaining  part  of  the  neural  canal,  is  later  bounded  .  ^ 
bv  the  w?;poT]s  >f;eIeton,  l)e(()inim'  the  cranial  cavity  and  the  vertebral  ranal.  The  vi«cera! 
canal  also  partly  acquires  a  bony  wall  in  the  form  of  the  ril>s,  and,  in  the  course  of  its  development, 
becomes  very  much  wider  than  the  neural  canal  and  does  not  enclose  the  alimentary  canal  closely, 
but  forms  a  rdativdy  wide  space  In  which  all  the  out^owths  of  the  embryonic  alimentary  canal, 

*Tlie  fcmonl  triangle  (aee  Vol.  I,  page  116)  is  aho  part  of  tbe  anterior  fmoril  tt^en. 
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such  as  the  rcspiraton,-  and  portions  of  the  urogenital  organs,  as  well  as  the  glands  belonging  to 
the  alimentary  canal,  have  a  place.  Neither  does  the  visceral  canal  adapt  itself  to  the  extensive 
variations  in  caliber  of  the  alimentar)'  canal,  nor  does  it  elongate  proportionally  with  it,  since 
its  elongati(Xt  fe  detennined  by  tbat  of  the  neural  canaL  Consequently  the  intestines  beccnne 
greatly  ccnled  in  the  viscera]  canaL  In  addition  to  the  digestive,  resfMratory,  and  urogenital 
0!rgans,  also  a  part  of  the  vascular  sv  1  r-  the  heart,  finds  its  place  in  the  visceral  canal. 

The  primary  foundation  of  the  human  body*  i?  the  fcrtiliztfi  ovum,  the  products  of 
whose  division,  the  blusiomcrci.,  form  a  hollow  vesicle  upon  which  (as  in  the  development  of  verte- 
brates with  cgg^  rich  in  yolk)  is  a  rdatively  small  region,  the  embiyonic  area,  whidi  is  the  starting- 
point  for  tli«  development  of  the  embryo.  In  the  cmfafyonic  area  a  streak-like  structure  appears, 
the  primitive  streak,  from  whose  anterior  end  a  process  known  as  the  head  process  of  the  primi- 
tive streak  grows  out.  This  reprrsents  the  first  appearance  of  the  emhryonir  IkxIv,  and  in  it 
the  germ  layers,  which  are  differentiated  in  the  ri^on  of  the  primitive  streak,  form  the  first  organs 
of  the  later  embry  o.  , 

The  germ  layers  are  at  first  three  layeis  of  embryonic  cdb  which  are  connected  with  one 
another  at  the  anterior  end  of  the  primitive  streak.   They  arc  an  outer  layer  or  ectoderm  (ecto- 

blast\  a  middle  layer  or  mesoderm  fmesoblastX  and  an  inner  layer  or  entoderm  'enloblasf); 
and  from  them,  by  modifications  which  they  undergo  in  the  region  of  the  head  process  of  the 
primitive  streak  and,  later,  of  the  embryonic  body,  all  parts  of  the  body  axe  devek^ied.  From  the 
external  germ  layers  are  derived  the  entire  epndermis  with  all  the  epidermal  structures,  such  as  the 
cutaneous  glands,  hairs,  nails,  and  the  lens  of  the  eye,  the  whole  central  and  prolialdy  also  the 
fM-ripheral  non'ous  system,  and  the  higher  organs  of  =en?e,  such  as  the  retina  of  the  eye,  the  epithe- 
lium of  the  membranou>  labyrinth,  and  the  olfactory  and  gu^latory  cinthclium.  From  the  ento- 
derm are  derived  the  epithelium  of  the  digestive  organs,  including  all  the  digestive  glandular 
structures,  the  epthelium  of  the  respiratory  organs  and  its  glands,  and  the  epithelium  of  the  urinary 
bladder.  The  mesoderm  is  divided  by  a  differentiation  of  its  elements,  the  so-called  mesodomic 
somites  and  the  lateral  platen,  into  three  parts:  The  one  part  furnishes  the  ej>ithe!ium  of  the 
serous  cavities  of  the  body  and  of  the  greater  part  of  the  urogenital  apparatus  (lateral  plate); 
the  second  part  the  entire  striated  mtisculature  of  the  body,  this  bcii^  formed  from  the  myotomes 
of  the  mesodermic  somites.  The  third  part  is  also  called  mesenchyme  and  arises  from  the 
mesodermic  somites,  as  well  as  from  the  lateral  i»lates.  It  is  the  source  of  all  the  supfxirting 
ti<^ite  of  the  body,  together  vvilh  the  smooth  muide  tissue.  All  the  varieties  of  connective  or 
supporting  tissue,  adipose  tissue,  loose  and  comj>act  connective  tissue,  tendons  and  fascia,  the 
coirium  of  the  integimient,  all  bones  and  cartilages,  the  lymph-nodes,  spleen,  etc,  arc  developed 
from  the  mesenchyme,  as  are  also  the  vascular  and  l3nnphatic  systems. 

The  first  Ol|^s  that  can  be  lecpgnized  in  the  embryonic  germ  layers  are  the  medullary 
and  alimentary'  canals.  Thev  are  formed  by  a  foldinij  of  the  external  and  inti  rnal  ^erm  lavers, 
respectively,  and  by  their  formation  the  fundamental  sha|H"  of  the  human  Ixxly  (see  above)  is 
detennined.  The  'lolding  of  the  medullary  canal  is  preceded  by  a  thickening  of  the  ectoderm 
to  form  the  medullary  plate. 

The  alimentary  canal  at  first  is  closed  at  both  the  upper  and  lower  ends  (see  also  Vol.  II, 


*  For  dd^i  connilt  ten-books  of  emhryolo|]r- 
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pages  ai  and  57).  The  upper  blind  end,  sepM»ted  from  tlie  buccal  cavity  (see  Vol.  II,  page  21) 

by  the  ph  r  <  al  membrane,  is  known  as  the  head  or  branchial  gut,  and  forms  during  the  third 
week  of  development  four  or  five  so-callec!  phanfifjca!  jXK-kets,  that  is,  lateral  recesses  of  the 
wall  of  the  embryonic  pharynx  which  grow  toward  the  branchial  jjouches,  which  are  corresponding 
depressions  of  the  external  skin.  Each  two  branchial  and  viM:eral  pouches  are  separated  from 
one  another  by  a  part  of  the  cartilaginous  visceral  sfcdeton  of  the  embryo  known  a»  a  Wandtid 
or  visceral  arch.  The  majority  of  the  branchial  and  iiharyngcal  pockets  dituippear,  later,  almost 
completely,  the  first  only  being  retained  in  jiart  to  form  the  middle  car  fst-e  paf^r  394)  and  the 
external  auditory  meatus.  From  the  epithelium  of  the  lower  ones  portions  of  the  thyreoid  gland 
and  the  thymus  glands  develop  (see  Vol.  II,  pages  106  and  icq)  ;  and  from  the  branchial  arches 
the  hynd  bone  (see  Vol.  I,  page  73),  the  styloid  process  of  the  temporal  bone,  and  the  auditoiy 
fssicles,  malkus  ■   1  i  iu  us,  and  jxKsibly  the  stapes  also  (see  page  289),  arc  developed. 

The  \  i^eeral  canal  is  lined  by  a  part  of  the  middle-  j;erm  layer,  the  so  ralle^l  lateral  jjlatcs. 
These  enclose  a  cavity,  the  primitive  visceral  cavity  or  coelom,  which  is  single  at  first  and  onl) 
later  a  division  into  the  thoracic  and  abdominal  cavities,  that  is  to  say,  into  the  foiu' serous  ca\  ities 
of  the  body,  the  two  pleural  canties,  tiw  pericardial,  and  the  peritoneal  cavity,*  takes  place  by 
the  formation  of  the  diaphragm. 

TIk-  other  portions  of  the  middle  germ  layer,  the  me'sodcrmic  somites,  appear  in  tin-  embryo 
in  ^egmcnle<l  form,  that  is  to  say,  in  two  rows  which  lie  on  cither  side,  next  to  the  middle  line. 
In  the  lirst  plate  the  body  musculature  is  developed  from  them,  but  retains  its  distinct  segmental 
arrangement  thiou^iout  life  only  in  the  intercostal  musdes  and  in  the  deeper  layefs  of  the  dorsal 
musculature.  This  primary  segmented  arrangement  of  the  muscle  masses  gives  rise  to  a  secondary 
segmentation  of  the  mcsenrhymatous  representatives  of  the  axial  skeleton,  and,  tlu  n  fore,  of  the 
subseijuent  vertebral  eolumn.t  The  segmental  arrangement  of  the  musculature  also  f^ives  rise 
to  a  M.-gmentation  of  the  nerves  arising  from  the  central  nervous  system,  an  arrangement  which 
is  contmued  into  the  region  of  the  head. 

The  extremities  are  relatively  late  m  ^>peaniice,  and  arise  as  small  outgrowths  of  the  embry- 
onic  integirment,  into  which,  later  on,  the  muscle  and  skeletal  tissues  giov.  At  first  they  are 
unjointed  appendages,  the  joints  appearing  rather  late. 

*  Tbe  lerous  cavity  of  the  tunica  va^inalif  propria  is  constricted  off  from  tbe  peritoneai  cavity. 

t  The  intemJs  between  tlie  veilefane  do  not  covrcapond  to  the  inlervils,  but  to  the  centers,  of  the  nwsoblaattc 

•-iir.itcs.  Toward  ttic  rcntnal  portion  of  thr  primitivr  mvolonn'  is  .ils<<  thr  ii-iiti  ir  r.iT\f  ^riAvin){  (uit  I'f  thv  rcnlral  nervous 
syslciti,  so  that  after  ttw  devclc^mcnt  of  the  skeletal  tissue  the  nerve  corncs  to  lie  in  the  interval  between  two  vcrtebne 
(intcnrertebral  Ibnunen). 


Abdomen,  lymphatics  ckf,  log 
nerves  of,  m 
regions  of,  30?^  jo^ 
Abdominal  aorta, 

paired  rami  of/sa 

parietal  rami  uf,  £4,  ^ 

unpaired  rami  of,  55 

variations  in  oriipns  of  rami,  ijQ 

visceral  rami  of,  £4,  ££ 
aortic  plexus,  245 

ravity,  sympathetic  picxuv-s  of,  245 
cutaneous  rami  of  intercostal  nerves, 

arteries,  Ji. 
portion  of  descending  aorta,  £^ 

See  also  Abdomittat  iiorhi. 
regions,  ^04 

sympathetic  nerves,  744 
viscera,  lymphatics  of,  io<S 
v«rall,  arteries  of,  ^  £3 
lymphatics  of,  tw,  1 1 1 
nerves  of,  jjg 
upper,  artcncs  of,  sj 
Abducens  nerve,  t.^i,  186.  134 

nucleus  of,  ijs 
Aberrant  ganglia  of  spinal  nerves,  121 
Accessory  cephalic  vein,  94 
hemi-axyeos  vein,  St,  ^ 
lachrymal  glands,  16H 
meningeal  ramus  of  middle  menin- 
geal artery,  afi 
nerve,  i6o,  187,  ill 
olivary  nuclei,  rjj 
portal  veins,  99 
Mphenous  vein,  lai 
Acetabular  artery,  6j 
Acoustic  area,  171,  175 
lemniscus,  ijb 

nerve,  167.  i6g.  17^,  187,  iS^.  Sec 

also  "XuHitory  Hfnt. 
path,  1 84,  187 

root,  spinal,  of  vestibular  nerve,  187 
stric,  1 70 

tubercle,  171,  17  s,  187 
Acromial  rami  of  lrans\"crse  wapular 
artery,  ^ 
of  thoraco-acromial  artery,  41 
region,  305 
rcte,  40,  4  J.  40 
Adipose  Ixxly  of  orlut,  247 
After-brain,    125,  167 
ALi  cinerea,  171 

nucleus  017173,  '87 
of  central  lobolc  of  cerebellum,  164 
Alimentary  canal,  development,  307 
embryonic,  306 
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Alimentary  canal,  veins  at,  ^6 
Alveolar  artery,  inferior,  £2 
superior,  3<) 
nerve,  inferior,  204 

superior, 
vein,  inferior,  gi 
Alveus,  i« 
I  AmpullaoT lachrymal  duct,  268.  269 
Ampullx  of  car,  bony,  27Q 

membranous,  276 
Ampullary  nerves,  284 
'      sulcus  of  ear,  276 
Amygdaloid  nuclei  of  cerebrum,  iS2, 
'53 

,  Anal  region,  ^05 
Anastomosing   rami   of  mandibular 
nerve  to  facial,  2ot 
ulnar  ramus  of  radial  nerve,  224 
Anastomotic  ramus  of  vagus  to  glossu- 
pharyngcus,  20g 
to  glossopharyngeal  nerve,  205 
to  tympanic  plexus,  205 
vein,  facial,  go 
Anastiimoiica  magna  artery,  4^  62 
Angle  of  iris,  252,  255 
spaces  of,  2^2 
of  pallium,  1^ 
Angles  of  eye,  26g 
Angular  artery,  25 
gjrus  iii 
vein,  22 
Ankles,  re^ons  of,  306 
Annular  digit  of  harJiir  Jo£ 
Annulus,  common  tendinous,  26^ 
<  onjunctival,  250 
iritlis  major,  2^2 

minor,  2^2 
of  Zinn. 
AnociKcygeal  nerves,  220,  2_^8 
Anorectal  lymphatic  nodes,  iia 
Ansa  hypoj;li">s&i,  212.  215 
!  Ansse,  cervical,  2ii 

of  spinal  nerves,  121,  l22 
of  Vieussens,  2£i 
Antertf)r  artery  of  nasal  septum,  ^ 
ascending  ramus  of  Sylvian  fissure, 
'  W 

auricular  arteries,  232 
lymphatic  nudes,  lfi£l 
nerves,  207 
notch,  207 

rami  of  mandibular  nerve,  20^ 
of  superficial  temporal  arlerv, 
'  iSi. 
veins,  qt 

j      bronchiatTaiiius  at  %'agus  nerve,  210 
J09 


Anterior  bronchial  veins,  83 
cardiac  veins,  8a 
cerebral  artery,  ^ 
cerebrospinal  fasciculus,  1 16 
chamber  of  eye,  250,  3%<i,  259 

endothelium  of.  2^5 
ciliary  arteries,  ^  2S7,  258 

veins,  82.  2Sg 
circumflcxhumeral  artery, 
column  of  cord,  1 18.  1  ?n 
commissure  of  brain,  i.u.  178 
communicating  artery,  ^ 
conjunctival  vein,  87 
cornu  of  lateral  ventricles,  149.  150 
coronary  plexus,  244 
<  rural  nerve,  2^tl 

cutaneous  rami  of  intercostal  arter- 
ies, 354 
nerves,  228 
of  iliohypogastric  nerve,  2jo 
deep  temporal  artery,  2& 

nerves,  102. 
descending  ramus  of  left  coronary 

artery, 
ethmoidal  artery,  J2 
nerve,  1^ 
vein,  82 
external  spinal  veins,  82,  124 
facial  vein,  90 

fasciculus  proprius  of  cord,  ii^ 
femoral  cutaneous  rami  of  femoral 

nerve.  2^1 
forceps  of  corpus  callosum,  147 
funiculus  of  spinal  cord,  1  is,  1 16 
gastric  nervous  plexus.  21i 
gray  commissure  of  ct>rd,  1  iH 
horizontal  ramus  of  Sylvian  fissure, 

121 

horn  of  cord,  118.  i_2fl 
inferior  cerebellar  artery,  37 
intercavernous  sinus,  Sil 
intercostal  arteries,  j9 
vi-ins,  82 

intermediate  sulctu  of  spinal  cord, 

jugular  vein, 
laiiial  arteri«-s7&7 

nerves,  2;o 
lateral  nasal  artery,  ■?2 

sulcus  of  mc-dulla  olilongata,  163 
of  spinal  cord,  115 
ligament  of  auditory  os»icU-s,  289 
lobe  of  hypophysis  cerebri.  i_££ 
malleol.ar  arteries, 

fohl,  £91 
marginal  Inindle  of  cord,  1 16 


3IO 

Anterior  medial  line  of  trunk,  ^£1 

nnsal  nerves,  iq7 
median  fissure  of  corH.  115,  i  ^j,  167 
mediastinal  arteries,  ^ 

lym]>hatic  nodes,  log 

veins,  8^ 
medullary  velum,  us, 

frenulum  of,  160.  i6j 
meningeal  artery,  jS^ 
nasal  rami,  1^ 
nucleus  of  optic  thalamus,  H7 
cesophageal  chords,  2±± 

ple.xus,  211 
palatine  nerve,  2m. 
palpebral  Itmlnis,  22£ 
parolfactory  sulci,  i,;^,  ij6 
parotid  veins,  00 
p<*ctoral  lymphatic  ntKles,  108 
ficrforatcd  sulistancc  of  brain,  i.^i, 

peroneal  artery,  7' 
|x>le  of  eyeball,  J47 

of  lens,  £56 
pulmonary-  nervous  plexus,  21Q 
rami  of  cervical  nerws, 

f>f  jjreat  auricular  nerve,  ;  1  x 

of  inferior  laryngeal  nerve,  21Q 

of  intercostal  arteries,  53 

of  obturator  artery,  (a. 
nerve,  j^j 

of  spinal  nerves,  122 

of  Sylviiin  tissure,  rj2 

of  thoracic  nerve,  ^^ft 
recess  of  crrehrum,  iiSo 

of  tympanic  membrane,  iq^ 
root  lilanirnts  of  cord,  1 20.  ijj 

tone  of  cord,  li& 
sacral  plexus,  loo 
scrotal  arteries, 

nerve,  2 
spinal  artery, 

superior  alveolar  arteries,  2g 

dental  arteries,  jtj 
supraclavicular  nerves,  3_ii 
surface  of  cornea,  J50 

of  iris,  3^,2 
•emixjral  diploic  vein,  82 
thalamic  tuliercle, 
thoracic  nerves, 
tibial  artery,  jj, 

lymphatic  noHe,  11 1 

nerve,  nb 

recurrent  artery, 

veins,  loj 
tympanic  artery,  ij.  Jqi 
vertebral  venous  plexuses.  Hi 
while  commissure  of  cord,  1  iH 
Anterolateral  fascii  ulus  of  cord,  su|)cr- 

ticial,  116 
Anthelix,  ?g6 
c  rura  of,  j()6 
transverse  sulcus  of,  jq' 
Anlibrachial  cutaneous  nerve,  dorsal, 

22A 
lateral,  22a 

medial,  220 

radial,  ua  . 
interosseous  nerve,  zil 
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Anlibrachial  regions,  225  | 

vein,  median,  94 
Anlibrachium,  ^05 
Antitragicohelione  fissure,  jq6,  ?o7 
I  Antitragicus  muscle,  222 
:  Antitragus,  ?o6 
I  Antrum,  mastoid,  2Sii 
j  Anus,  arteries  of,  6j. 

nerves  of,  a.j8 
•  Aorta,  iS 

ahdumtnal,     iq,     5^    See     also  ' 

Abdominal  aorla. 
arch  of,  iS^  aOi    See  also  Arch  oj 

aorta. 
ascending,  18,  13 
desiending,~iS 

alxlominal  portion,  5^    See  also 

Abdominal  aorta. 
primitive,  ij 
thoracic,      ^    See  also  Thoradc 

aorta. 
wall  of,  ifi 
Aortic  bifurcation,  5^ 
bulb,  1^ 
isthmus,  2a 
lymphatic  plexus,  iio 
sinuses, 

great,  i^,  8a 
sympathetic  plexus,  abdominal,  245 
thoracic,  243 
Ajjcrture,  medial,  of  legmen, 

of  fourth  ventricle,  lateral,  ij}?,  1  ;o 
Aiiuextus  humor,  255 
Arachnoid  of  brain,  ifig 

of  cord,  1 23 
Arachnoidal  granulations.  190 

sheath  of  optic  nerve,  262 
Arachnoideal  cavity,  iSg 

fluid,  iS<; 
Arlior  vine7  i^r^,  165 
Arch,  .lortic,  18,  2q 
|KTmancnl,  12 
primitive,  l_2 
rami  of,  2Q 
ravine,  24 
Arcuate  artery, 

nerve  fibers,  172,  173,  174,  176,  i8j 
nuclei,  174 
Areolar  glands,  300 
Arm,  arteries  of,  to^  2lj  22j  ili  li 
development,  308 
lymphatics  of,  107,  iq8 
muscles,  nerves  of,  22> 
nerves  of,  219,  220,  223 
regions  of,  30  s 
seiisorv  skin  areas  of,  225 
Arnnhl's     inframaxillary  recurrent 

nerve,  jqi 
Arteria  ccjmilans  ncr\'i  ischiadici,  6^ 
.\rterial  circle  of  Willis,  ^ 
of  iris,  2^2i  £S8 
glomeruli  of  cochlea,  285 
trunks,  j4 
Arteries,  jj 

alxlominal  anterior  cutaneous  rami 
of  intcrcostals,  vl 
aorta,  £4;    See  also  Abdominal  , 
aivla.  I 


Arteries,  acce^ssory  meningeal  ramus 
of  middle  meningeal,  ifi 
acetabular,  tn 

acromial  ramus  of  thoracosirroniial, 

of  transverse  scapular,  jo 

rcte,  40,  4Z,  40 
alveolar,  inferior,  22 

posterior  superior,  23 
anastomotica  magna,  ^  6^ 
angular,  25 

anterior  auricular  rami  of  superficial 
temporal,  2fi 

ramus  of  obturator,  (u 

tibial,  21f  11 
aorla,   abdominal,    5^    See  also 

Abdomituil  aorta. 
arcuate,  2i 
articular,  of  knee,  63, 

rete,  cubital,  42 

of  lower  extremity,  ^4 
of  upjxrr  extremity,  ^ 
auditory,  internal,  J2j 
auricular,  £27 

deep,  22 

posterior,  22,  26 

ramus  of  occipital,  ifi 
of  |K>sterior  auricular,  26 
axillary,  ^  ^ 

anastomoses  with  subclavian.  43 

sul>9capular  rami,  ^ 
a/.ygos  articular,  ^ 
basilar,  36 
brachial,  3.^,  44,  4^ 
bronchial,  i_2i  52 

rami  of  internal  mammary,  ^2 
buccinator,  23 

calcaneal  rami  of  peroneal,  21 
of  posterior  tibial, 
rete,  2a 

carotivotvmpanic  ramus  of  interna! 

carotid  artery,  32 
carotid,  common,  17,  21,    Sec  als'  > 
Common  carotiaartfry. 
external  jJj  22»    See  also  Exter- 
nal carotid  arttry. 
internal,  I2i  3£ 

caroticotympanic    ramus,  3 

£24 

corpal  ramus  of  ulnar,  dorsal,  ^ 

volar,  48 
cerebellar,  ^  ^ 
cerebral,  anterior,  ^ 

middle, 

posterior, 

rami  of  interna]  carotid,  ^ 
cervical,  ascending,  ^  jO 
deep,  JO 

superficial,  33,  jjo 

transverse,  ^ 
ascending,  ^i 
descending,  ^ 
chorioid,  32 
ciliary,  ^  2521  £5^ 
cochlear,  proper,  285 
coeliac,  55 

triptxToI  Haller,  55 
colic,  left,  58 
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Arteries,  «>lic,  middle,  52 

right,  52 
collatcrai7mid<llc,  44 

radial,  ^ 

ulnar,  i£ 
comitans  ncrvi  isrhiadici,  6j 
common  iliac,  1^  tn 
rommuniratinf;,  anterior,  in 

posterior,  ^ 

ramus  of  |>cruncal,  Jl 
conjunctival, 
cxjr«nary, 

left,  13 

riRht,  2Q 
costorerviral  trunk,  40 
rrcmAstrrir,  external,  tdl 
cricoth)Tc<iid,  £j 
culiilal  articular  rrtc,  ^  4£ 
(utancous  rami  of  intercostals,  5^ 

H 

ryslK ,  ;6 

deep  volar  arch,  ^(y^  £i 
deferential,  6j 

deltoid   ramus  of  deep  brachial, 

of  It  oraco-acromial,  ^  4  \ 
dental,  anterior  superior,  2^ 
inferior,  £2 
posterior  su|>erior,  20 
descending  aorta,  alicKiminal  por- 
tion, S4.    See  also  AbJomi- 
nal  iwrla. 
thoracic  fiortion,  ££.    See  alio 
Tltorncic  aorta. 
development,  12,  ^o^ 
dij^tal,  common  volar,  50,  ^ 
dorsal, 

fibular  dorsal,  of  fifth  toe,  ^6 

of  fourth  toe,  76 

of  third  toe, 
plantar,  25.  2^ 

of  tifth  toe,  2^ 

<)f  fourth  toe,  26 

of  Mxond  lix.-,  26 

of  third  t'H%  Ttt 
lateral  dorsal,  uf  fittFi  toe,  2^  2^ 

of  fourth  toe,  2^ 

of  third  tcH-,  2^ 
plantar,  25.  !<> 

of  fifth  toe,  76 

of  fourth  toe,  2^ 

of  «en>nd  toe,  2^ 

of  third  tiK',  76 
medial  <l')rsal,  of  filth  toe,  26 

of  fourth  toe,  2^ 

of  third  tlx-,  2^ 
plantar,  £5 

fif  fifth  l<Kr,  2^ 

of  fourth  foe,  £6 

of  second  tcie,  2S.  2^ 

of  third  t<K',  jf) 
plantar,  of  hallux,  76 
projK'r  volar,  50,  5j 
radial  <)orsal,  ^  50 

of  fifth  fingerr^i 

of  fourth  finRer,  5_i 

of  index-finger,  42;  5£ 

of  third  finger, 


Arteries,  digital    radial  dorsal, 
thumb,  ^  50 
proper  volar,  51 
volar,  ^ 
tibial  dorsal,  of  fifth  toe,  2^ 
of  fourth  toe,  2^ 
of  third  toe,  26 
plantar,  25^  2^ 
of  fifth  toe,  2^ 
of  fourth  toe,  2^ 
of  secund  toe,  25^  -jfi 
of  third  toe,  26 
uliur  dorsal,  ^  50 

of  fifth  finger,  5_t 
of  fourth  finger,  £i 
of  index-finger,  50 
of  third  finger,  jj^ 
of  thumb,  i2i  S£ 
proper  volar,  £i 
volar,  47 

of  fifiii  finger,  £1 
dorsal  ramus  of  radial  collateral,  ^ 
carpal,  40 

ramus  of  radial,  46 
of  ulnar,  ^ 
dorsalts  pedis,  y 

duodenal   rami  of  superior  pan- 
creaticoduodenal, 56 

epigastric,  inferior,  65 
su[iiTficiaI,  62 
su  lienor,  ^ 

epiploic,  56 

episcleral, 

ethmiiidul,  ^ 

facial,  external,  aj^ 

femor.tl  deep,  62. 

lateral  circumflex,  6& 
medial  circumflex,  62 

fibular  dorsal  digital,  of  fifth  tor, 

oflourth  toe,  2^ 
of  third  toe,  26 
plantar  digitnl,  25.  25 
<if  fifth  toe,  2^ 
of  fourth  t<x-,  26 
of  hallux,  25.  2^ 
of  second  ti>e,  76 
of  third  toe,  22~ 
of  hallux,  2^ 
ramus  of  jioRlerior  tibial,  21 
first  dt)rsal  metacarpal,  47 
frontal,  ^ 

ramus  of  sujierficial  temporal,  £2 
gastric,  left,  55.  56 
gastrofluodenaT  5^ 
gjistro-<-piploic,  0 
genu,  lateral  infenur,  70 
su|Jrrior,  6q 
mc-dia,  22 
supreiiia, 
gluteal.  Inferior,  63 

su[>erior,  tn 
great  aiirtic  sinus,  iij,  Sq 
henuMrhoidal,  infermr,  6^ 
middle,  6^ 
su()erior,  ^8 
hepatic, 

humeral,  circumflex, 


<if  ;  Arteries,  hyaloid,  at? 

I      hyoid  ramus  of  lingual,  2j 
of  superior  thyreoid, 
hy|iogastric,  tx 

deviations  in,  65 
ileal,  52 
ilecKoRc,  58 
iliac,  cummon,  &i 
deep  circumflex,  66 
exti-rnal,  65 
internal,  tn 
I         ramus  of  iliolumbar,  (n 
i         superficial  circumflex,  02 
I      iliolumbar,  bi 
infra-orbilal,  13 
inguinal  rami  of  femoral,  67 
innominate,  17,  ao.  21 
intercost.il,  10,  40.  ^ 
anterior,  ^ 
su|ierior,  ^ 
internal  iliac, 
interosseous,  48 
intestinal,  ^ 

jejunal,  £2.  ' 
lalual,  anterior,  67 
inferior,  25 
jKJSterior,  64 
superior,  £5 
lachrymal,  ji,  p6o 
Lvyngcal,  inlcnor,  40 

su|>erior,  2^ 
latiTal   cosioT  ramus  of  internal 

mammary,  V) 
lingual,  ii^  £2 
lumliar.  10,  60 

ramus  oT  iliolumbar,  61 
malleolar,  2£i  2i 

relia,  2S 
mammary,  internal,  ^ 

rami  of  intercostal,  5^ 
masseteric,  ih. 
mastoid  rami  of  occipital,  2^ 

of  {nsterior  auricular,  2d 
maxillary,  external,  22,  2i 

internal,  22,  22 
median,  of  forearm,  ^ 
nunlijustinal,  anterior,  J2 

rami  of  thoracic  aorta,  53 
meningeal,  io£ 
anterior,  28732 
middle,  ifi 
posterior,  24^  iJi 
ramus  of  occipital,  2^  2d 
of  vertebral,  1^ 
mental,  2S 

mesenteric,  inferior,  ^ 

suiK-rior,  ig^  j6 
metacarpal  dorsaT,  50 
first  dorsal,  £2 

volar,  51 
fourth  dorsal,  SO 

volar,  5_i 
Second  dorsal,  50 

volar,  5_l 
third  dorsal,  50 

volar,  5_i 
volar,  50 
metatarsalT  1± 


Arlerie*,  mctaUrial  dorsal,  ] 
planter,  2i  ' 

musculophrenic,  ^ 

mylohyoid  ramus  of  inferior  alveo- 
lar, 22  I 

nasal  anterior  lateral,  ' 
posterior  external,  ^  ^ 

obturator,  ti2.  i 
ramu«  of  inferior  epigastric, 

occipital,  32i  iS 

crsophagcal,  <;a 

ramus  of  inferior  thyreoid,  ^ 

of  atxluminal  wall,  ^2  I 
upper,  S3 

of  anus,  6^ 

of  arm.  iJ.  iL[  41 
left.  JO,  III  11 
right,  22,  21 

of  auricle,  »6i  jqj 

of  hack,  5^ 

of  )>rain, 
base  of,  j£ 

posterior  portion,  ^  ^4 
of  breast^  J2:  ii  51 
of  bronchi,  ^  52 
of  bulb  (A  urethra,  65 
of  cerebrum,  ^ 
of  cervical  region,  ^ 

viscera,  33 
of  chin,  is 
of  chorioid,  ajj 

plexus,  u 
of  ciliary  body,  2t;j,  258 

muscle,  2s8 
of  clitoris,  6^  65 
of  cochlea,  283 
of  colon,  y 
of  conjunctiva,  jjj  274 
of  corpus  cavernosum,  (>£ 
of  costal  region,  32 
of  diaphragm,  i2i  i^;  L? 
of  di)r*um  of  foot,  72.  7.S. 

of  hand,  4';.  4fh  in,  S° 
of  duodenum,  js.  ^ 
of  ear,  26,  £2,  i2:  25ii  £21:  iiiSi  | 

of  epiglottis,  2^ 

of  external  au<)itory  meatus,  £25 

genitalia,  6j 
of  eye,  u 
of  eychaJl,  JJ_,  2i;7 
of  eyelids,  ^  27 ^ 
of  face,  2A 

of  Fallopian  tubes,  6ij  6j 

of  femur,  £kJi 

of  fibuLi,  21 

of  fifth  linger,  s_i 

of  fingers,  ^o,  5_i 

of  fool.  Til  li 

of  forearm,  ^ 

of  fourth  finger,  jj 

<if  genitalia,  cxter'nal,  61^  6^ 

of  gluteal  region,  61 

of  great  omentum,  ^  56 

toe,  22>  TSL 
of  gums,  2Q 
of  hallux,  2^  jSi 
of  hand,  4?,  jfj^  40.  Si 


INDEX. 

Arteries  of  hard  palate,  22 
of  head,  left  half,  20,  21, 

right  half,  20^  21 
of  heart,  i^j  aa 
of  index -linger,  47,  so.  51 
of  inguinal  ligamcnlT'&D 
of  intestinal  canal,  55 
of  iris,  2S7.  2S8 
of  kidne\'S,  ^  58 
of  knee-joint,  6g 
of  labia  majora,  64^  62 
of  labyrinth,  284 
of  lardrymal  gland,  23,  ii, 
of  larynx,  2j,  40 
of  leg,  22,  2* 
of  lips,  2£ 
of  liver,  £5 

of  lower  extremities,  6ij  65 

of  mammary  glands,  32i  4ii  51;  321 

of  mediastinum,  53 

of  membranes  of  brain,  1^ 

of  nasal  septum,  anterior,  .^2 

|K»stenor,  30 
of  ncc-k,  20,  21,  2^,  ,%n 
of  nipple,  54 
of  nose,  lOj  32 
of  nuchalregion,  22.  2^ 
of  rrsophagus,  ^  £2 
of  orbit,  j£ 
of  ovaries,  £2i  ^ 
of  [lalatine  arcITTag 

tonsil,  23,  24,  £2 
of  palm  cifnand.  45,  43,  51 
of  pantTcas,  55,  5^"^ 
of  fxrivic  floor,  61 

viscera,  61 
of  penis,  6^  5^ 
i>f  i)ericardium,  iJi  22i  iL 
of  jx-rineum,  !n 

of  phalanges  of  fcxjt,  2i±  lii  21i 

of  han({,  jOj  5_l 
of  pharynx,  2^1 
of  pons,  32 
of  j»roslate,  63 
of  pterygoid  canal,  2g 
of  rectum,  58^  61^  63,  b± 
of  retina,  2^  252 

central,  ^ 
of  round  ligament,  6ft 
of  sacrum.  6q 
of  scalp,  25^  26 
of  Scrotum,  6^ 

of  semicircular  canals,  membranous, 

284 

of  seminal  vesicles,  6j 

of  sexual  glands,  £5 

of  shoulder,       40,  41,  4^ 

of  soft  palate,  tcf 

of  Sole  of  foot,  70,  7.>,  76 

of  spinal  curd.  i_2^ 

upfur  jiortion,  33,  36 
of  spleen,  5^ 
of  stomach,  55, 
of  suprarenal  bodTcs,  ££j  j8, 
of  teeth,  27.  28.  2<f 
of  testes,  5g 
of  thigh.  f«2 
of  third  finger,  50, 


Arteries  of  thoracir  viscera,  32 
wall.       32^  32.  iii  53 
of  thumT)7i2-'  S° 
of  thymus  gUnd^  32 
of  thyreoid,  23,  ^ 
of  tibia,  2©,  2£ 
of  Iocs,  74.  7';.  j6 
of  tongue,  22,  23 

of  trachea,  jq,  ^  ' 

of  true  pelvis,  di 

of  tympanic  cavity,  £24 

of  upper  extremity,  33 

of  urethra,  63,  65 

of  urinar)'  Gladcler,  6ij  63 

of  uterus,  6ij  63 

of  vagina,  63 

of  vestibular  Inilb,  6^ 

of  vitreous  body,  2^7 

olecranal  rcte.  42 

ophthalmic,  31 

ovarian,  59 

ramus  of  uterine,  63 
(talatine,  ascending,  2^ 

descendirkg,  £2 

greater,  £2 

iesaer,  £2 
(kalpcbral,  31 

medial,  32 
}>ancreatic  rami  of  splenic,  ^6 

of    superior  pancreaticoduo- 
denal, 56 
pancreaticoduo3enal  superior,  56^  ^ 
parietal  rami  of  abdominal  aorta, 

Sli  52 
of  nypogastric,  tii 

of  superficial  temporal  arter>'.27 

of  thoracic  aorta,  53 

patellar  rete,  24 

]>ectoral  anleriur  cutaneous  rami 
of  intercostal,  5^ 
rami  of  thoraco-acromial,  i2 
penis,  6^,  65 
perforating,  of  hand,  ^ 

of  leg,  2i  *~ 
of  thigh,  fia 

rami  from  internal  mammary,  ^ 
pericardiac  rami  of  thoracic  aorta, 

pericardiacophrenic,  32 
perineal,  64 
j>eroneal,  71 

pharyngealT ascending,  22^  2^ 
rami  of  inferior  laryngeal,  ^ 

phrenic  inferior,  ig,  52 
superior,  53 

plantar,  2ij  22 
arch.  24^  75 

digital,  of  hallux,  25.  25 

fibular,  of  hallux,  76 

lateral.  21 

medial,  24 

metatar<u],  25 

ramus  of  dorsal,  deep,  74 

tibial,  of  hallux,  76 
]>ontine  rami  of  basilar,  32 
|)opliteal,  661  6q 

posterior  ramus  erf  obturator,  tii 
tibial,  70 
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ArtcrtM,  princeps  poUida,  42 
profunda,  inferior,  4^ 

superior,  ^ 
proper  volar  digital,  jo 
pterygoid  rami  of  intrmal  majt- 

Ulary,  13 
pubic  ramus  of  inferior  e(Mgastric,  ^ 

of  obturator,  62 
pudendal  external,  6^ 

internal,  6^ 
pulmonary,  iji  iS.    Sec  also  Pul- 
monary artery. 
pyloric,  56 
radial,  45^  .16 

anornalii'S,  ^ 

dorsiU  dij^itaf,  ^ 

recurrent,  ^ 

volar  digital,  42 
radialis  indids,  ^ 
renal,  13,  58 

retia,  articular,  of  lower  extremity, 

ca^neal,  25 

malleolar,  25 

of  foot,  dorsal,  15 

of  knee-joint,  74 

patellar, 

trochanteric,  JA 
sacral,  60,  in 
saphenous,  69 
scapular,  drrumflex,  £j 

dorul,  4j 

transverse,  32i  i2i  41 
Sciatic,  6^ 
scrotal,  anterior,  67 

posterior,  6^ 
sigmoid,  58 
sjicrmatic  external,  66 

internal,  13,  52. 
sphenopalatine,  ^ 
spinal,  i2± 

anterior,  ^ 

jHJSterior,  36 

rami  of  ascending  cervical,  40 

of  deep  cervical,  41 

of  intercostal,  y 

of  lateral  sarratTb^ 

of  vertebral,  3^ 
splenic,  %6 
stapi-diaC~zli 

sternal  mnii  ol  internal  mammary, 

39 

sternocleidomastoid,  jj, 

ramus  of  superior  thyreoid,  ij 
stylomastoid,  26 
subclavian,  n 

anastomoses  with  axillary,  4^ 

left.  2Q 

proxmial  portion,  ^ 

rami  of,  variations  in  origins,  13 

right,  ij 
sublingual,  £j 
submental,  £^ 
subscapular,  ^  4^ 

rami  of  axillar)-  artery,  ^ 
Superior  ihyrj-oid,  12 

tympanic,  i& 
supra-orbital,  ^ 


Arteries,  suprarenal, 

inferior,  53 

middle,  ^ 

su|>erior,  go 
suprascapular,  ^  ^ 
sural,  70 
tarsal,  Zi. 
tcm|M>ra[7acep,  aS 

middle,  27 

superficialj  aa,  36^  tqj. 
testicular,  59 

thoranc  aorta,  ^   Sec  also  Thora- 
cic aorta. 
lateral,  4i  ^ 
thoraco-acromial,  ^  ^ 
thoracodorsal,  ^ 
thymic,  ^2. 

thyreocervical  trunk,  2Q_ 
th\Teoid,  inferior,  32,  440 
tibial,  anterior,  jjj  21 
recurrent, 
dorsal  digitalTof  fifth  toe,  2§ 
of  fourth  toe,  76 
of  third  toe,  2^ 
plantar  digital,  Ji,  2^ 
of  fifth  toe,  25 
of  fourth  toe,  2^ 
of  hallux,  2i  2^ 
of  second  toe, 
posterior,  2© 
recurrent,  2J 
tracheal  ramus  of  inferior  thyreoid, 

transverse  facial,  26 
trochanteric  rctc,  24 
tubal  ramus  of  uterine,  6^ 
tympanic,  ?g4 

anterior,  22 

inferior,  24 

IKHtcrior,  26 
ulnar,  4S,  47 

anomalies,  £C 

dorsal  digital,  42 

recurrent,  47 

volar  digital,  47 
umbilical,  6j 
urethral,  6^ 
uterine,  6j 
vaginal,  63 
vertebral,  34 
vesical,  6j 
vestibular,  284 
vestibulocochlear,  iSj 
Vidian,  2g 

visieral  rami  of  abdominal  aorta, 

Sli  55 
of  hy|iogastric,  6i_,  6j 

of  ihoradc  aorta,  52 
volar  arch,  deep,       ^  2_i 

sujK-rficial,  48,  40,  51 
carpal  ramus  of  radiaT7  ^ 
of  ulnar,  ^ 

rete.  ^ 
digital,  common,  50 

proper,  £o 
interosseous  48 
mctacar|>al,  jo 

ramus  of  racTIal  collateral,  44 


Arteries,  volar  ramus  of  radial  super- 
ficial, ^ 
of  ulnar,  deep,  ^ 
zygomatico-orbita),  22 
Arterioles  of  retina,  254 
Articular  arteries  irf  knee,  Jo 
rete,  cubital.  4<.  46.  49 
of  knee,  2i 
of  lower  extremity,  24. 
of  upper  extremity,  49 
Ascending  aorta,  i8t  13 
cervical  artery,  30,  40 
lumliar  XTins,  Sj^  oq 
palatine  artery,  24 
pharyngeal  arter)-,  jj,  Jj| 
sj-mpathetic  plexus,  2^ 
ramus  of  SyKian  fissure,  ijg 
of  transverse  cervical  artery,  £1 
Association  fibers  of  c-erebellum,  i8j 

of  telencephalon,  176 
Auditory  artery,  intcrnair.^7.  a84 
groove,  284 

meatus,  external,    2Q4.    5>ee  also 
Extfrnat  auditnry  meatus. 

internal,  283.    See  also  Inter  Hal 
auditory  meatus. 
nerve,  160,  1-5.  187 

organ,  274.    See  also  Kar. 
ossicles,  274,  287 

articulations  of,  aSfi 

development,  j8q,  w8 

ligaments  of,  288.  280 

muscles  oi,  280 
veins,  intcrnal.~86.  285 
vesicle,  284 
Auricle,  274,  206 
apex  of,  2q6 
arteries  of.  j6.  2Q7 
cartilage  of,  2g6 
concha  of,  296 
development,  298 
floor  of,  236 

helix  of,  296.    See  also  Helix. 
integument  of,  external,  232. 
lymphatic  nodes  of,  106 
lymphatics  of,  297 
muscles  of,  2Q7 
nerves  of,  297 
scapha  of,  296 
terminal  fissure  of,  jgj 

notch  of,  236 
triangular  fossa  of,  206 

eminence  of,  297 
tul>erclc  of,  296 
veins  of,  297 
Auricular  arteryTdeep,  22 

posterior,  33^  2& 
lobe,  £22 
nerves,  297 

great,  ^i^  agi 

)>osteri<ir,  JOS 
notch,  297 

rami  of  mandibular  nerve,  203 
<if  occipital  artcr)-,  26 
of  [>o<.tcrior  auricular  artery,  zfi 
of  su[)crficial  tem^ioral  artery,  26 
tif  vagus  nerve,  208,  295,  297 

region,  joj 
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Auricular  sulcus,  ao7 

<>ym|Nithctic  plexus,  242 
Auriculotemporal  nerve,  io_%,  tqh,  J07 
Axes  of  eveball,  £42 

of  lens,  256 

optical,  ii2 
Axilla,  Kair  of,  jot 
.A:»illary  artery,  jj, 

anastomoses  with  subclavian,  43 

folds,  ^04 

fossa,  sensory  skin  areas  of,  33^ 
live,  ^oj 

lymuhalic  nodes 

jifrxus,  inS 
nerve,  j 10 
region,  30^ 
vein,  Q2 
A/)Kos  articular  artery,  jo 
vein,  Sfl 
development, 


Back,  regions  of,  302,  ^os 
Barlu,  301 
Basal  ganglion,  15^ 
Ryi.  LSi 

lamina  of  c horioid,  ££1 
vein,  ^ 
Base  of  brain,  t 
arteries  of,  ^ 
of  encephalon,  Li& 
Basilar  artery,  ^6 
subjacent,  j6 
pontine  sulcus, 

p<ffti(m  of  hyf>othalamus,  tso 

of  |>ons,  167,  t2S 
sinus  of  dura  mater,  S& 
sulcus  of  (H)ns,  1.^1,  ih7 
Basilic  vein, 
median, 
Basivertebral  veins,  &2 
Beard,  -^ot 

Bechterew's  nucleus,  1S7 
Betwecn-brain,  i.>;,  1^ 
Big  t(K',  \o(> 

Bladder,  lymphatics  of,  1 10 

nerves  of,  2  ;7 
sympathetic,  2^ 

veins  of,  too,  mi 
Blaslomt-res,  to 7 
BlimI  s|>(>t,  2;4 
Bloodless  area  of  kidney,  53 
B<xly.    Sw  Human  body. 
Bones,  development,  ^02 
B«>nv  labvrinth  of  ear,  development, 
'2«4  ' 

spiral  lamina  of  modiolus,  iHa 
Bownvan's  membrane,  250 
Urachia  conjunctiva.  tt>o.  162.  165 
decussation  of,  i(>o 
developtneni,  i2<; 
of  mammillary  bonies,  t  s8 
of  fMins,  1,^1.  167 
quadrigcmina,  t^Q.  lita 
Brachial  artery,  ^  ^ 
deep,  ^ 

rami  of  variations,  ^ 
cu'.jneous  nerve.  laleraT, 


Brachial  cutaneous  nerve,  medial, 
|>ostcrior,  22 ^ 
lymphatic  nodes,  laS 
nervous  plexus,  iih 

infraclavicular,  aip,  2^ 
supraclavicular  portion,  71ft 
repons,  ^ 
vcms,  2J 
Brachiuni,  .^os 
Brain,  112.  124 
adult  and  cmbn'onic,  relations  of 

portions,  |_25 
arachnoid  of,  tSp 
arteries  of,  iq2 
base  of,  1  .^o 

arterieso!,  ^2j  ipj 
cerebrospinal  liuido?,  i2q 
cisterns  of,  tgo 
commissures  of,  1^4 
convex  surface  ot.  128.  1  jg 
convolutions  of,  128.  129 
cortical  substance  of,  i2t) 
development,  124.  .^o6 
divisions  of,  l2& 

dura  mater  of,  iM.    Sw  also  />«r<i 

malfr  of  brain. 
eml)ryonic  and  adult,  relations  of 

portions,  12s 
fornix  of,  148.    Sec  also  Fitrnix. 
grav  substance  of,  1 20 
gyri  of,  1 28,  i2q 
hemispheres  of,  1  2q 

development,  i_25 
in  general,  »  j8 
IoIkts  of,  no 
lymplulics  of,  ig2 
median  section  "clT  Lii 
membranes  of,  iXX 

nerves  of,  ig2 

vessels  of,  iq2 
motor  jiath  ot.  178 
olfact<jry,  1  xo 

bulb  of,  ijo 

tract  of,  tjo 

trigone  of,  t^o 
peduncles  of,  development,  125 
perff)rated  sulisLancc  of,  smlcrior, 

pia  mater  of,  ic^i 
nervc-s  of,  132 
shape  of,  L2&. 
surfaces  of,  1  ?S 
tracts  1)1,  1 76 
veins  of,  85^  Rfij  132 
ventricles  of,  1 1 2. 

fourth.  See  Fourth  xfntriclf. 
lateral.  .See  iMlrrat  vetUricif. 
third,  LSi  LSS 

chorioiil  tela  of,  134 
vesicles  (A,  i_n 
weight  of, 
'  Brain-stem,  ■  ?X 
i     lilx'r-tracts  of,  i8j 
<      medial  Umgituillrial  fasciculus  of, 

I  Its. 

I  Branchial  arch,  jo8 
I      arteries,  ij 
gut,  toH 


Breasts,    300.    See    also  Mammary 

(•lands. 
Broca's  area,  134.  14^,  146 

center,  \\q 
Bronchi,  arteries  of,  ^SL  ^ 

lymphatics  of,  isSL 

nerves  of,  210 

veins  of,  8j 
Bronchial  lymphatic  nodes.  ia& 

rami  of  vagus  ner\e,  210 

of  internal  mammary  artery.  30 
Bronchomediastinal  lymphatic  truiiFs, 

tati 

Bruch's  membrane,  2£i 

Buccal  mucous  memTjrane,  ncr\'es  of, 

202 

rami  from  parotid  plexus,  202 

region,  joj 
Buccinator  artery,  2g 

nerve,  iai 
Bulb  of  internal  jugular  vein,  inferior, 

superior,  84 
of  posterior  horn,  isi 
of  urethra,  artery  "^Oj 
vein  of,  icq 
Bulbus  oculi,  247-    See  also  F.yrball. 
Burdach's  column,  uh. 


(?.*:cAL  portion  of  retina,  2S4 
Ca-cum,  cupular,  of  ear,  276 

vestibular,  of  ear,  276 
Cidamus  scriptorius,  1  ^i;.  170 
Calcaneal  rami  of  peroneal  artery.  72 
of  posterior  tibial  artery,  22 
of  sural  nerve,  2^4 
of  tibial  nerve,  2^ 
region,  lob 
relc,  25 
Calcar  avis,  t_5j 
Calcarinc  fissure,  ij5 
Capilli,  301 
Capital  vein, 

Capilulum  of  malleus.  282 
Ca|)sules  of  cerebrum,  1 53,  1 S4 

of  dentate  nucleus  of  ccreljellum,  iby 
of  hip-joint,  nerves  of,  2|2 
of  lens,  2j6 

vascular,  263 
of  Tenon,  261;.  266 
Cardiac  nerves,  i^a 

nervous  plexus,  200 
rami,  inferior,  of  recurrent  nerve. 
11a 

of  vagus  nerve,  superior,  20g 
sympathetic  ganglion,  243 
veins,  ^8,  70.  Sa 
Cardinal  vein,  22 
I  Caroticotvm|Kinic  nerves,  294 
inferior,  242 
su|H'rior,  242 
I      ramus  of  internal  carotid  artery, 
IL  22i 

Carotid   arteries,   common,    i^,  ~ 

I See  also  Common  carotiJarUry. 
extcrniil,  j_2i  ii.    See  also  KxUr- 
nal  ciiriHid  artery. 
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Carotid  arteries,  internal,  JO 

caroticotympanic   ramus,  ^ 

m 

fossa,  .^04 
gland,  22. 

nerves,  external,  Til 
internal,  240.  i4t 
sympathetic  plexus,  common,  342 
venous  plexus,  internal,  87 
wall  of  tympanic  cavity,  iS^,  286 
Carpal  rami  of  radial  artery,  ^ 
ot  ulnar  artery, 
relia,  45 
Carpus  J05 

CartilagcTaevclopmcnt,  ^07 
Cartilaginous  external  auditory  mea- 
tus, 234 

portion  of  Eustachian  tube,  230 
Cauda  e()uina,  122.  l2& 
Caudate  nucleus  of  cerebrum,  l  yo,  152 
Cavernous  sinus  of  dura  mater,  ii£i 
sympathetic  nerves  of  clitoris,  2^6 
of  penis,  2^6 
plexus,  242 
of  clitoris,  2^ 
of  penis,  2^ 
Cclla  media,  140,  i.i>o 
Center  of  Vieussens,  i_j2 
Central  artery  of  retina, 
canal  of  spinal  cord,  112.  iiS 
fovea  of  retina,  25^ 
gray  stratum,  iiS.  159,  172 

lobule  of  cerebellum,  ibi 

»}f  vermis,  166 
nervous  system,  tt2.  1  ia 

development,  124. 
|Hirtion  of  lateral  ventricle,  140.  150 
suli  us  of  cerebrum,  1  \h,  hq 

of  insula, 
tegmenta]  radiation,  iSj 
vein  of  retina,  82 
Centrifugal  nerves, 
Centripetal  nerves, 
(■(•phalic  sxTnpathetic  nerves,  240 
peripheral  rami,  241 
plexuses,  242 
vem,  22 

acf  essijry,  q4 
median,  94 
Cerebellar  artery,  anterior  inferior,  jj 
jKJSterior  inferior,  jft 
»u|)erior,  ^ 
ci:irtic~al  suljstance,  i6i 
favirulus  direct,  lI^ 
veins,  Jia 
Ccrelx'llomedulLiry  cistern,  ipo 
Cere)»ell<>-<)livary  fibers,  174,  183 
Cerebellospinal  fasciculus,  ■ 
CtTcU-llum,  128,  132,  163 
association  fibers  of,  i8j 
bivcnter  lobule  of,  164 
cortical  substance  of,  ih^ 
development,  12s.  1 27 
emboliforni  nucleus  of,  165 
fastigii  nucleus  of, 
fissurj-s  of.    .See  l^Tsiures  oj  cert- 
beUum. 


Cereljelium,  foss«  of,  rhomboidal, 

fkKculus  of,  £65 
globosus  nucleus  of,  i6s 
gray  cortex  of,  1J5 

nuclei  of,  165 

substance  oTT  i2g 
K>Ti  of,  i2g,  164 
hemispheres  of,  i2q,  163,  164 
hilus  of,  t6^ 
lobules  ofri64 

relations  to  lobules  of  vermis,  166 
meflullary  body  of,  165 

lamina;  of,  164.  ihi; 

substance  of,  fiber-tracts  of,  i8,^ 
notches  of,  163 
peduncles  ofT^^S 
quadrangular  iobtile  of,  16^ 
semilunar  lobules  of,  164 
sensory  tracts  of,  i8j 
sulci  of.    See  Sulci  of  cerrhrUHm. 
lonsn  of,  16^ 
vallecula  oTTiftj,  165 
vxTmis  of,  12<>,  1.^2,  16^ 
CcrebnU  aqueduct,  1 12.  I2q,  1.^4,  ISO 
arcuate  fibers,  ijb_ 
artery,  anterior,  jj 

middle,  jj 

posterior,  32 
canal,  12H 

development,  122 
fissure,  transverse,  127,  1.-^4 
hemispheres,  ijj 

development,  125 
nerves,    1  n,    t^O,    lq2.    Si-e  also 

Cranial  ntrvts. 
{jedunde,  iji^ 

ranii  of  internal  carotid  arterv,  j2 

veinN  aa 

vesicles,  124 

di\Tsions  of,  124 
Ccrcbropontile  tracts,  ifii 
Cerebrospinal  fasciculi,  1 16.  i8j 
fluid,  12.^.  120 

external,  189 

real,  iRg 
tract  fibers,  i^S 
CcTcbrum,  127,  128.  us 
arteries  ofTji  i2 
angular  gyrus  o77  Lli 
anterior  recess  of,  i6q 
Brora's  area  erf,  14s,  ij6 
ctpsulcs  of,  t£i 
central  gray  stratum  of,  isq 
commissurc-s  of,  great,  ij6 
convex  surface  of,  128.  1 29 
convolutions  of,  13s,  i  ^6.  Sec 

Ctrrbrum,  gyn  o/. 
fasciculi  of,  i%i 
fissures  of,  t,^6 

calcarine,  145 

central,  10,  i.y) 

chnrioid.ll.  IS! 

collateral,  14.^ 

frontal.  132 

lateral,  ito 

rami  of7"i.^7.  ».10 

longitudinal,  130 


Cerebrum,  fissures  of,  parielo-occip- 
ital,  ij6,  ijQ,  LLLi  Li5 

primaiy,  ij6 

Rolanao's,  i-jb,  139 

Sylvian,  130 

rami  oC».17.  i.V) 

temporal,  i^y 
foramen  of,  interventricular,  1 29 
fos.vi>  of,  interpeduncular,  131 

Lateral,  1 30,  ijfi 
cistern  of,  190 

Sylvian,  130,  136 
frontal  lobe  of,  136,  137 

pole  of,  ij3i  iMl  121 
gray  cortex  of,  13s 

substance  of,  122 
gyri  of.  i22i  USj  136 

basal,  i£i 

central,  139 

cinguli,  ya^ 

fronul,  122,  L22 

fusiform,  143 

hippocampus,  14^ 

lingualis,  14J 

|>arictal,  130 

rc-ctus,  130 

supramarginalTi  4 1 
hemispheres  of,  129,  1  ^s.  136 

amygdalcnd  nuclei  of,  1;?,  tS3 

caudate  nuclei  of,  152 

claustrum  of,  is?,  is.; 

gray  ganglia  oCTs^ 

lenticular  nuclei  oiT  152,  n;3 

medial  surfaces  of,  14^ 

nuclei  of,  152^  153 

|)olcs  of,  Ijb 

scmi-oval  center  of,  147,  is  2. 
See  also  Semi-<K'al  ceuler  of 
cerebrum. 

surfaces  of,  136 
h\']>ophysis  of,  IS4.  I SS 
insula  of,  136,  14s 
internal  capsule  oil,  IS3,  1 M 
interventricular  foramen  oil,  is.S 
lamina  tcrminalis  of,  1  :;4 
loljes  of,  rj6,  I37-I4t 
longitudinal  fissure  of.  i_J2 
mam  miliary  bodies  of,  ijj 
mantle  of,  M5 
occipital  lobe  of,  i  ^6.  141 

poles  of,  irj,  136,  lii 
olfactory  bulb  of,  14s 

strin.'  of,  14s.  146 

tract  of,  14s 

trigone  ofTlii,  1  j6 

tul)crclc  of,  nh 
orbital  g>Ti  of,  139 
paracentral  loblife  of,  133,  140.  14s 
parietal  lobules  of,  13ft,  139,  141 
parolfactory  area  of,  145,  146 
peduncles  of,  t  so,  lie 
perforale<l  suliSLunce  of,  anterior 
MS 

poSTertor,  1^1,  I  vs.  160 
petrosal  impression  of,  1 36,  141 
plexuses  of,  chorioidal,  151,  156 
poles  of.  136 
[KJSterior  recess  of,  160 
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Cerebrum,  pyramid  of,  j^i 
subcallosal  g>Tus  of,  145,  146 
sulci  of.    See  Suici  oj  eereorum. 
Icmporal  lobe  of,  136,  141 

pole  of,  1^61  141 
uncus  of,  ijo 

veins  of,  great,  cistern  of,  igo 
ventricles  of,  fourth,  tig 
lateral,  12q 
thirtl,  120 
C'eruminous  glands,  ?gs.  £2Q 
Cervical  ans,x-.  iii 

artery,  ascending,  33,  jo 
deep,  ^ 

superficial,  tq^  ^ 

transverse,  ^  ^ 
descending,  ^ 
enlargement  of  spinal  cord,  114 
lymphatic  nodes,  107 
ncr*^*,  »iJ 

anterior,  an 

cutaneous,  214 

(KMlerior,  iii 
plenus,  jjj. 

motor  rami,  31% 

sensory  rami,  Jt4 
fiorlion  uf  spinal  cord,  1 14 
regiiin,  arteries  of, 
spinal  nerves,  lu 
sympathetic  ganglia,  iy),  2io,  ^41 

nerves,  240 

(>eriphcral  rami,  241 

jilexuscs,  243 
vem,  dwp,  84 

superficial,  tjj 

transverse,  gj 
viscera,  arteries  of, 
Cervix,  ^ 

Chiasnia,  optic,         i^i  Hi,  155 
Chiasmatic  cistern,  190 
Chin,  arteries  of,  ifi 

nerves  of,  204 
Chorda  dorsalis,  ^o6 
tympuni,  20^ 

nerve,  20;^,  204,  204 
tympanic  aperture  of  canaliculus 
of,  2&S1 

Chorio<:apillary  lamina,  2';i 
Chorioid,  250 

arteries  erf,  ^  2:^1,  252 
artery,  32 
glomus,  1^ 
optic  foramen  of,  j^i^ 
plexus,  t>i,  is<i,  191 
artery  of, 
nervous,  ti%,  127 
veins  of,  Si 

t«l,1,  1<)2 

(if  fourth  ventricle, 
of  third  ventricle,  1^4 
vein,  5jJi 
Chorioidal  fissure,  i_s_i^ 
lamina,  127 

epithelial,  isi,  1  s6 

of  fourth  ventricle,  171 
vasculosa,  21;  i 
la.-nia,  t  s  t 
Chyle,  iciQ 


I  Cilia,  270,  .^ol 
I  Ciliary  annul  us,  250 
'     arteries,  ^  252I  £58 
I  anterior, 

posterior,  31 
body,  250,  251 
arteries  GI72521  2s8 
pigmented  layer  erf,  2^2,  253 
corona,  ast.  251 
folds,  252 
ganglion,  132 
long  root  of,  iq; 
short  root  of,  i^j 
sympathetic  roots  of,  242 
ganglionic  plexus,  2£fi 
glands,  2  70,  2Qq 
margin  ol  iris,  252 
muscle,  2.SI,  272 
arteries  of,  258 
nerves  of,  ibo 
nerves,  107,  iq8,  ififl 
pirtion  ul  retina,  253,  2S4 
processes,  251 
veins,  25^ 
zonule,  252,  2s6,  as? 
development,  262 
Cingulum,  ijb 
Circle  of  Willis,  arterial,  ^ 
Circular  sinus  of  dura  mater,  iSi 

sulcus.  1^ 
Circulation,  17 
Circumanal  glands,  aqp 
Circumflex  femoral  artery,  lateral, 
medial,  62 
vein,  laleraC  im 
medial, 
humeral  arteries,  £j 

vein,  2J 
iliac  artery,  deej>,  iii 
su|KTficial,  62 
vein,  di"ep,  loi 
superficial,  102 
nerve,  ihj 
iicapular  artery,  4j 
I         vein,  oi 
I  Cisterna  cnyli,  104 
;  Cisterns  of  brain,  ipo 
i  Clarke's  column,  uia 
j  Claustrum,  135,  is?,  ifj 
Clava  of  meciulla  oblongata,  i6q 
Clax-icular  region,  304 
Clitoris,  arteries  of.  bj.  6£ 
lymphatics  of.  111. 
ncr%'e9  of,  237,  238 
sympathetic,  24b 
veins  of,  icq,  102 
Cluneal  nerves,  229.  233,  238 
Coccygeal  glomus,  ^2 
nerves,  121.  li& 
nervous  plexus,  jjq.  3\9> 
sym|>athetic  ganglia,  240,  244 
C<j<-cyx,  nerves  of,  229,  238 
Cochlea,  2&I 
arterial  glomeruli  of,  285 
artrrii-s  of,  281; 
base  of,  jSi 
I      cupola  of,  2£l 
'      fenestra  of, 


Cochlea,  spiral  canal  of,  281 
foraminous  tract  of,  22ii 
ganglion  of,  187,  284 
veins  of,  28^ 

vestibular  aperture  of,  2;'  i 
walls  of, 
Cochlear  aqueduct,  vein  of,  2C5 
area  of  internal  auditory  meatus,  283 

of  modiolus,  281 
artery,  proper,  285 
canaliculus,  vein  o(,  8g 
duct,  274,  276 

iKiundaries,  277 

development,  iix 
fenestra,  28  s 

crest  of,  2^6 

fossa  of,  2M 
ncr\'e,  125,  187,  £«j,  jSj. 
nucleus,  dorsal,  175 
ramus  of  internalauditory  artery, 

common,  aftj 
recess,  279 
Cochleariform  process,  386 
Ctrliac  artery,  19,  55 
lymphatic  no^s,  103 

plexus,  im 
nervous  plexus,  243 
rami  of  vagus  nerve,  ill 
sympathetic  ganglia,  245 

plexus,  24  s 
tripod  of  Hatler,  55 
Ccclom,  308 
Colic  artery,  left,  58 

middle,  52 

righl.  52 
Veins,  96j  98 
CollateraTartery,  middle,  44 
radial,  44 
ulnar,  45 
eminence  of  inferior  horn, 
of  lateral  ventricle,  152 
fissure  of  cerebrum,  1^ 
nerve,  ulnar,  224 
trigone  of  inferitir  horn, 
Colliculi,  facial,  171 

of  lamina  (|ua<!rlgemina,  153 
Collum  of  malleus,  287,  303 
Colon,  arteries  of,  52 
descending,  nerves  of,  sympathetic, 

2j6 

Cul<jstrum,  300 

Columns  of  lornix,  134.  148.  iss 
covered  portion,  iS9 
of  spinal  cord,  anterior,  1 18.  r  ?o 
Burdach's,  ufi 
Clarke's, 
Goll's, 
gray,  llS 
lateral,  L2Q. 
posterior,  1 18.  t?o 
Comes  nervi  phrenici,  ^ 
Commissural  fiber-tracts,  128 
Commissure,  hippocampal,  148,  178 
of  brain,  i.u.  146.  178 
of  ciird,  1 12 
of  dirncephalon,  155 
uf  habcnula;,  158 
of  optic  thalamus,  152 
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ComroiHure  of  tuber  dnereum,  155 

pal|)ebral,  ifx) 
Common  carotid  arteries,  i_2j  21 
left,  £2,  IQ 
right,  11 
sympathetic  plexus,  242 
ctichlear  ramus  uf  internal  auditor}- 

artery,  jS^ 
facial  Vein.  83 
iliac  arteries,  iq,  ti 
vein,  22 

integument,  jq8.    See  also  Skin. 

interosseous  artery,  ^ 

limb  of  superior  semicircular  osseous 

canal,  2&fi 
peroneal  nerve,  jy^,  2^% 
plantar  digital  nerves, 
tendinous  annulus,  26^ 
tract  of  cord,  iifi 
volar  digital  arteries,  50^  £t 
nerves,  231.  223,  225 
vein,  23 
Communicans  poplitei,  2^4 
Communicating  artery,  anterior,  ^ 
posterior,  ^ 
ramus  of  peroneal  artery,  ji 
Concha  of  auricle,  296 
cavity  of,  236 
cymba  of,  2g6 
eminence  ol.  207 
Cond>1aid  emissary  vein,  87 
Confluens  sinuum,  85 
Conjunctiva,  ij^ 
arteries  of,  31 ,  274 
brachia,  deveTopment,  125 
lymphatics  of.  271,  274 
mucous  glands  ol,  273 
nerves  of,  274 
of  bulb,  in 

semilunarlold  of,  272,  273 
veins  of,  Sjj  £24 
ConjunctivstTaniiulus,  250 
forniccs,  27^ 
limbus,  iji 

tunics  of  eyeball,  223 
of  eyelids,  273 
Conus  medullans,  1 15 
Convex  surface  of  cerebrum,  128,  120, 

Corium,  208 

retinacula  of,  222 

ridges  of,  »8 

sulci  of,  298 
Cornea,  249 

center  of,  250 

development,  263 

elastic  lamin.Y~o!,  250 

epithelium  of,  250 

nerves  of,  iliQ 

pcripherjr  of,  250 

substantia  propria  of,  250 

surfaces  of,  250 
Corneal  limlms,  250 

rima,  24Q 

vertex,  250 
Comu  ammonw,  i<;i 
Comua  of  lateral  ventricles,  140-1  si 


Corona,  ciliary,  252 
radiata,  IS2,  176.  178 
tracts  ol,  178 
Coronal  fibers,  176 
Coronary  arteries,  ig,  ia 
nervous  plexuses,  244 
sinus  of  heart, 
vein  of  stomach,  g8 
Cor[H)ra  candicantia,  t  j;8 
mammillaria,  IS';.  1^8 
<|uadrieemina,  i  so 
development,  i_2j 
Corpus  caliusuin,  1,^3.  i  ^s.  146,  178 
body  of,  147 
development,  127 
fasciola  cinerca  of,  147 
forceps  of,  147 
frontal  portion  of,  1^ 
genu  of, 

occipital  portion  of,  ij|2 

p.ariet.il  portion  of,  142 

radiation  of,  147 

rnstral  lamina  of,  147,  155 

rostrum  of,  142 

splenium  of,  1^ 

stria:  of, 

sulci  of,  ijj 

tapelum  irfT  I47.  [Si 

temporal  portion  of7  147 

t-cins  of, 
ca\xTno»um,  arteries  of,  65 
striatum,  150 

body  of,  1S.1 

head  of,  ISO,  152 

radiation  of,  1S2 

veins  of,  Sfi 
Cortex  of  cerebellum,  gray,  135 

of  cerebrum,  gray,  i.^s 
Corti's  organ,  222 

Cortical  substance,  cerebellar,  ik),  164 

of  lens,  2s6 
Corticobulbar  tract,  178,  ifii 
Corticospinal  tract-fibers,  1 78 
Costal  ramus  of  internal  mammjiry 
artery,  ^ 
region,  30^ 
arteries  of,  ^ 
Costo-axillarv  vein,  82,  23 
Costoccrvicai  trunk,  ^  40 
Coxal  region,  305 
Cranial  nerves,  130,  192 

alxiucens,  131,  132,  186.  ig4 
accessory,  i6q,  187,  2i± 
acoustic.    See  Au3ilory  nent. 
auditor)-.    Sec  Auditory  tiervt. 
courses  of,  184 
eighth,  131,  132.  187 
eleventh,  132,  i6q7i87,  2x1 
facial,  1 31 .  132,  169.  186.  204 
internal  genu  ot,  175 
nucleus  of,  175 
roots  of,  17s 
fifth.  131,  !«,  185^  104 
first  branch,  iqs.  igft 
second  branch,  195,  ipS 
third  branch,  ips,  201 
firM,  130,  184 
fourth,  ijij  185. 


Cranial  nerves,  glossopharyngeal,  132, 
i6q.  187,  207 
hypogkiisal,  131,  132,  169,  188, 
211 

intermediate,  187,  aos 

motor  tract  of,  178,  iSi 

ninth,  132,  187,  207 

nuclei  of.  1 1 2.  135.  l&A. 

oculomotor,  131,  134,  184.  193 

olfactory,  130,  i8j 

optic.    Sec  Optic  nerve. 

origins  of,  184 

patns  of,  181 

st-fond.    See  Optie  nerve. 

seventh,  131.  i  jj.  1S6.  204 

sixth,  132,  i_8f>,  iQ-t 

spinal  accessory, 

tenth.    Sec  Vagus  nerve. 

third,  iS^j  133 

trigeminus,  131,  132,  18s,  194 
first  branch,  195,  igfa 
nucleus  of  spinal  tract  of,  ijja 
second  branch,  ips,  198 
spinal  tract  of,  122 
third  branch,  19s,  201 

trochlear,  131,  132.  185.  193 

twelfth,  131,  132,  169,  iSjClti 

%-agus.    See  Vagus  nerve. 
Cremasteric  artery,  extcrruil,  {)6 
Cril>riform  macula,  279 
Cricothyrcoid  artery,  23 
Crista  of  ampullae  semicircular 

ducts  of  ear,  276 
Crossed  pyramidal  fasciculus  of  cord, 

Crural  cutaneous  nerves,  medial,  231 
interosseous  nerve,  23^ 
nerve,  anterior,  231 
ramus  of  genitofemoral  nerve,  231 
regions,  306 
Crus,  306 

of  fornix,  148 
Crystalline  lens,  255 

axis  of,  256 

capsule  of.  as6 

cortical  substance  of, 

development,  262.  307 

epithelium  of,  256 

equator  of,  256 

fibers  of,  256 

nucleus  ol,  21^6 

poles  of,  256 

pupillary  membrane  of,  36^ 

radii  of,  2S6 

surfaces  of,  2s6 

vascular  capsule  of,  263 
Cubital  articular  rete,  457*0.  42 
fossa,  305 

nerves  of,  224 
lymphatic  nodes,  107,  ifl& 
r'e^ns,  305 
vein,  meolan,  2i 
Cubitus,  30J 

Culmen  of  monticulus,  i£6 
Cuneus,  1^ 

Cupular  ca-cum  of  ear,  276 

l^tortion  of  tympanic  ca\-ity,  286 
Cutaneous  cerwal  nerve, 
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Cutanroiis  rami  o(  inlcrcuUal  arteries, 

li:  Li 
"ictnini,  .^QO 
C'utklr,  jqS 

I'utis,  2(}&.    Six  alio  Skin. 

vera,  jqS 
Cuvicr's  ducts,  22 
t'ystic  artery,  ^ 

vi-in,  38 


Dakwiv's  apex,  }q6 

tiil>rr<  lc,  J06 
Oavid's  lyre,  i  j.H 
Deiline  of  munticulus,  1 66 
Decussation  of  bruihiu  conjunctiva, 

i6n 

of  lemnist'us  17J 

of  ti-gmcnia, 

of  trixhlear  nerve,  i8c 

p\Tami(lal,  of  medulla  ul>longata, 

■ 

D«l>  artery  of  clit«)ris,  61,  05 

of  |K-nis,  6^  6^ 
.isfcnding  cerviral  artery,  40 
auricular  artery,  ij 
brachial  artery,  ^ 
cervical  artery,  ^ 

lymphatic  node*.  io2 

Vein,  S£ 
linumtlex  iliac  artery,  Oti 

vein,  lai 
c  ubiutl  lymphatic  nixies, 
e|>lf;astric  vein,  ifli 
facial  lymphatic  nodes,  107 
femoral  artery,  62 

veins,  lai 
fibers  of  pons, 
Rvri  of  cerebrum,  i_j6 
linf;ual  artery,  ? ; 
lymphatic  ves.si-ls,  10^ 
IHToneal  nerve,  3  <6 
(H-trosal  nerve,  joo.  H! 
plantar  ramus  of  dorsal  artery  of 
foot.  2± 

venous  .irch,  10^ 
rami  of  lateral  plantar  nerve,  3 

of  femoral  Vein, 

of    nu-ilial    circumliex  femoral 
artery,  li& 
plantar  artery,  22 
of  railial  nerve,  2.>^. 
subinguinal  lymphatic  nodes,  111 
IcmiK»ral  arteries,  2li 
nerves,  2Cli 
veins,  qi 
vein  of  |>i'nis,  loa 
volar  arch,  .t7.  40.  St 

ramus  of  uTn.-ir  artery,  48 
nerve,  21% 
white  stratum,  T6f> 
Dcfercnti.il  artery,  6^ 

sympathetic  plexus,  3a6 
Deiter's  nucleus,  I  i8j 
Deltoid  ramus  of  <Teei>  brachial  artery, 
AA 

of  (horaco-acromial  artery,  ^  4^ 
region,  ,^05 


'  DeltoidcoiK-ctoral  trigone,  ^04 
j  Dental  artery,  inferior,  22 
superior, 
nervous  plexus,  inferior,  J04 
superii^T,  ityj 
Dentate  fascia  of  hippocampus,  i£j 

nuc  leus  of  cerelx  llum,  165 
Denticulate  ligament,  t  ja 
Depressor  nerve,  jo«^ 
Derma,  jqS 

Destcmet's  membrane,  250 
Descending  aorta, 

alxlominai  jxirtion,  S4-    5>ee  also 
Abdominul  aorla. 

primitive,  12 

tlvoracic   portion,   ^    See  also 
Tlioracu  <iorlii. 
colon,  nerves  of,  symjiathetii ,  J46 
palatine  artery,  «j 
ramus  of  hyiioglossus,  iLi 
of  <Kc  i)>ital  artery,  25 
of  transverse  cervical  artery,  ^ 
of  trigeminal  nerve,  18^ 
root  of  trigeminus  nerve,  ihj 
nucleus  of,  i_5i) 
of  vestibular  nerve,  125 
Diaiihragni,  arteries  of,  ^  ^jg,  53 
lym|ihatics  of,  ioq 
nerves  of,  sympathetic,  145 
sella  of  dura  mater  of  brain, 
veins  ni,  ^ 
Diencephalon,  121;,  is^ 
Digastric  ramus  of  facial  nerve,  Jos 
Digital  arteries,  common  volar,  jOj  5_i 
dorsal,  CO 

fibular  (lorsal.  of  fifth  toe,  2^ 

of  fourth  toe,  26 

of  third  toe,  jft 
plantar,  2i  2^ 

of  fifth  toe,  2& 

of  fourth  toe.  76 

of  hallux.  16 

of  sc-cond  toe, 

of  third  toe-.  26 
lateral  dorsal  of  fifth  toe, 

of  fourth  toe,  26 

of  third  toe,  26 
plantar,  2I1 

of  fifth  toe,  26 

of  fourth  t(K-,  2^ 

of  second  tc*e.  26 

of  third  toe,  2*; 
,  medial  dors:il,  of  tilth  toe,  2^ 

of  fourth  tix-,  26 

of  second  tm-,  ^4 

of  third  toe,  26 
plantar,  2S.  2^^ 

of  fifth  t<K-,  26 

of  fourth  t<K-,  2^ 

of  scionci  toe,  2£i 

<>f  third  toe,  2^ 
of  hallux,  24,  2i! 
piroper  volar,  50 
radtal  dorsal,  ^  50 

of  lifth  finger,  5_i 

of  fourth  finger,  51 

of  index-linger,  52. 

of  third  t'inger,  50 


Digital    arteries,    radial   dorsal,  of 
thumb,  ^  50 
proper  volar,  £2i  si 
tibial  dorsal,  of  (ifth  loe,  26 
of  fourth  lor,  2^ 
of  third  tc»e,  26 
pLmtar,  2£. 
of  (ifth  toe,  26 
of  fourth  tcx-,  26 
of  hallux,  26 
of  see  ond  ten-,  25,  £5 
of  third  tcjc,  26 
]         ulnar  dorsal,  ^  50 

of  fifth  finger,  j8j  £t 
I  of  fourth  finger,  ^ 

of  index-tinger,  50 
of  third  GngcT,  52 
of  thumb,  ^  50 
Volar,  47 
of  fiun  finger,  5_i 
nervc-s,  common  plantar,  i\a 
N'olar,  321,  J2S 
dorsal,  211 

radial,  23i.  £25 
ulnar,  2 at,  125 
fibular,  £^ 

fourth  common  plantar,  2}{^ 

volar,  22:\ 
lateral  dorsiil.  of  fifth  toe,  2_u 

projH-r,  of  fifth  toe,  £j£ 
medial  dorsal,  of  hallux,  j^l 

projier,  of  hallux,  2_\4 
))roper  plantar, 

volar,  221.  22^ 
radial  proper  volar,  of  fifth  fingci, 
311 

of  fourth  linger,  222. 
of  index-finger,  lii 
of  third  finger,  2i2 

tibial  dorsal,  of  hallux,  2.^^ 
proper,  of  hallux,  2J4 

ulnar  i>ro|.>er  voLir,  of  fifth  finger, 

of  fourth  finger,  22H 
of  index-finger,  iii 
of  third  finger,  222 
of  thumb,  222 
veins  of  foot,  gj,  iQ2 

of  hand, 
venous  arches  of  hand, 
Digits.    Sec  fittgfrs  and  Toes. 
Dilator  pupilla-,  3£j 
Diploic  veins,  Sfi-  -■-  -» 
Direct  cerebellar  fasrirulufi,  t  ih 
[>vramldal  fasc  iculus  of  spinal  tord, 

senscwy  cereliellar  tract,  li>% 
Dorsal  antibrachial  cutaneous  nerve, 
221 

artery  of  clitoriji,  64,  65 

of  fcx>t,  2J 

of  nose,  ^ 

of  jienis,  6^ 
car|Mil  ramus  of  radial  artery,  ^ 
of  ulnar  artery, 

rete. 

ccKhlear  nucleus,  17^ 
cutaneous  nerves,  235 
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Dorsal  rutancous  rami  of  intcrrostat 
arccrii-s,  53 
digital  arteries  of  fifth  finger,  ^  51 
toe,  IL  7$ 
of  fourth  finger,  5J 
of  hallux,  i4i  2^ 
of  index-fingcr,  42,  50 
of  second  toe,  2A 
of  third  finger,  50,  ^ 

toe.  26 
of  thumb,  ^2j.  5£ 
nerve*  of  fingers,  2i,\,  JJ5 
of  hallux,  ?J5 

of  toes,  2J4j 

veins  of  foot,  loa 
of  hand, 
interosseous  artery,  j8 

nerve,  ii^ 
lingual  arteries, 

veins,  80 
metacarpal  arteries,  ^  50 

wins,  oj 
nietalarsaTarterics, 

veins,  103,  loj 
nerve  of  clitons,  1,^7,  138 

of  penis,  2^7,  2^8 
nucleus  of  acoustic  nerve,  1S7 

of  ctird,  ' 
portion  of  pons,  167,  17^ 
rami  of  intercostal  voms,  Si 
of  radLtl  collateral  artery,  4^ 
of  ulnar  ner\x-,  222,  22^ 
scapular  artery,  243 

ncr\x%  J  1(1 
venous  arch  of  foot,  102 
vein  of  clitoris,  im 
of  penis,  laa 
Dorsalis  pc<lis,  jj 
Ductus  arteriosus,  iS 
Botalli,  iJi 
reuniens,  274,  276 
ven<»us,  22 
Duodenal  rami  of  superior  pancre- 

aticixluodcnal  artery,  50 
Duodenum,  arterii-s  of,  ^  56 
lymphatics  of,  lot),  1  to 
veins  of,  ij6 
Dura  mater  of  brain,  lSS 
arteries  of,  2^  102 

fliaphragma  sella  of,  iSS 
Meikel's  cavity  of,  iSS 
[)riResses  of,  188.  |S<) 
sinuses  of,  iM 
tentorium  of,  iSq 
Veins  of,  192 
of  cord,  i2X 
Dural  sheath "oTopiic  nerve,  262 


Eak.  ampuihe  of,  bony,  272 
arteries  of,  20,  22i  IL  £21; 
£2^  202 

auricle  of,  208.    Sec  also  .-I  uricU. 
bones  of,    287.    See  also  Auditory 

ossiclrs. 
capsule,  cartilaginous,  284 
cochlear  duct  of,  276 
development.  28j 


U<  2SS»  £24i 


278 


Ear,  cochlear  fenestra  of,  285 

recess  of,  270 
cribriform  macula  of,  270 
cupular  cafcum  of,  276 
development,  284.  307 
ductus  reuniens  of,  274,  276 
elliptic  recess  of,  270 
endolymph  of,  274 
endolymphatic  duct  of,  274,  278 
(ievelopniont,  28i 

sac  of,  278 
external,  274,  234 

ner^'cs  of,  203 
foramen  ovale  of,  28^ 
hair  of,  joi 
internal,  85,  274 
labvrinth'oT,  arteries  of,  284 

development,  jSg 
lymphatics  of,  106.  107,  294, 
'  222 

membranous  labyrinth  of,  274 
middle.  274,  285 

development,  2Q4 
nerves  of,  20J,  20; 

*05.  222 
sympathetic,  242 

osseous  labyrinth  of,   

|)crilyraph  of,  27s 
|)erilymphatic  spaces  of,  274,  285 
scala-  of,  276,  282 
semicircular    canals   of,  develop- 
ment, 28J 
membranous,  274.  2~t,  270 
osseous,  27g,  2K6 
spherical  recess  of,  jjq 
spiral  lamina  of,  mcmtiranous,  277 
ligament  of,  277 
limbus  of,  277 
organ  of,  277 
tympanic  membrane  of,  291.  Sec 

also  Tympanit  membmnt. 
utriculosatcular  duct  of,  274 
veins  of,        28^,  304,  2QS,  2q7 
vestibular  ca-cum  of,  27b 
I  rest  of,  2*q 
fenestra  01,  270,  285 
membrane  of,  277 
pyramid  of,  279 
vestibule  of,  278 
cavity  of,  279 
Ki  loblast,  307 
Ectoderm,  302 

Eighth  cranial  nerve,  131,  132,  187 
Elastic  lamina  of  cornea,  250 
Ellx>w,  305 

Eleventh  cranial  nerw,  132,  1(19,  187, 
211 

Ellihtic  recess  of  ear,  229 
Emixiliform  nucleus  of  cerebellum,  i6s 
f^mhryo,  development,  ^07 
Embryx>nic  area  of  ovum,  307 

heart,  primitive,  12 
Emissary  veins,  82 
Encephalic  arachnoid,  iSq 

dura  mater,  iXS-    See  also  Dura 
maUr  of  brain. 

pia  mater,  191 
Encephalon,  1 1.2^  12^  Sec  also  Brain. 


End-brain,  125^  i^s-    Sc*  also  'I'tlfn- 

cephalon. 
Endolymph,  274 
Endolymphatic  canal,  274 
duc-t,  22i,  278 

development,  284 
sac,  228 
Entoblasi,  302 
Entoderm,  302 
Epondyma,  Mj^ 
Epidermis,  298 
<lcvelopment,  307 
lymphatics  of,  11 1 
pigmentation  of,  298 
Epidural  cavity,  123 
Epigastric  artery,  inferior,  65 
superficial,  67 
superior,  33 
region,  J04 
veins,  83^  101,  im 
Epiglottis,  arteries  of,  2} 

nerves  of,  209 
Epiphysis  cereBri,  134,  1 S7 
Epijiloic  arteries,  56 
Episcleral  arteries,  ^ 

vein,  82 
Epithalamus,  134.  LiL  LSI 

filier-tracts  of.  183 
Epiilielial  chorioidal  lamina,  i^i,  1  ^6 
of  fourth  ventricle,  ijj 
medullary,  1 13 
E}nthelium,  corneal,  250 
tlevelopmcnt,  ,^07 
of  lens,  2s6 
Epitynipanic  recess,  286.  294 
Eciualor  of  lens,  2Sft 
Einnioidal  arteries,  j2 
nerves,  122 
veins,  87 
Eustachian  tulie,  274,  290 
cartilage  of,  it^o 
cartilaginous  portion,  290 
development,  294 
isthmus  of,  291 
lamina.-  of,  290,  291 
lymph  ncwiules  oTTjg  1 
lymphatics  of,  107 
mucous  glands  of,  29T 
nerves  of,  207 
osstxius  |Kirtu>n,  290 
ostium  of,  2<)0 
Surfaics  of,  291 

tulKir  pneumatic  cells  of,  289.  ;()o 
tym|)anic  ai>crture  of.  J90 
veins  of.  89 
Excavation  of~papilla  of  optic  nerve, 

I'"xiTeli>ry  duct  of  lachrymal  glands, 

lint. 

External  arcuate  nerve  fibers.  172,  173, 
124.  183 

articular  arteries  of  knet-,  (ig.  2£ 
auditory  meatus,  274.  294 

arteries  of,  295 

cartilaginous,  294,  297 
notches  of,  222 

ceruminous  glands,  295.  J99 

course  of,  295 
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External  auditory  meatus,  dewlop- 
mcnt  of, 
elands  of,  2^ 
lumen  of,  20^ 
lymphaticsol,  225 
nerves  of,  io,\,  iq% 
osseous,  304 
relations  o!7  »25 
size  of, 
veins  of,  Joj 
capsule  of  cereorum, 
rarcrtid  arteries,  tjj^  22. 
nerves,  341 

sympathetic-  plexus,  J41 
Cerebrospinal  fluid,  i8q 
cremasteric  artery,  {16 
donial  cutaneous  rami  of  inlcrcosL-il 

arteries,  53 
car,  32i 
facial  artery,  12^  34 
geniculum  of  TaciaTnerxv,  ioj 
iliac  artery,  65 

lymphatic  "plexus,  110,  111 

vein,  ini 
integument,  ipS,    Sec  also  Skin. 
jugular  vein,  2^  01 
mammary  rami  ^  lateral  thoracic 

artery,  ^ 
maxillary  artery,  2i  H 

sympathetic  plexus,  242 
medullary  lamina  of  thalamus.  f£2 
nasal  arteries,  30 

rami  of  infra-4irbital, 

veins,  go 
ocular  axis,  247 
(Kiplitcal  nerve,  235 
pterygoid  nerve,  20.^ 
pudendal  arteriesT^ 

veins,  mi 
ramus  of  accessory  nerve,  211 

of  su()erior  laryngeal  ner\'e,  209 
saphenous  nerve,  214 
S|)ermatic  artery, 

nerve,  2.^1 
spinal  veins,  82^  121 
tunic  of  eye,  249 
vertebral  venous  plexuses,  &a 
Eye,  247 
accessory  organs  of,  26.^ 
angles  of,  2^ 

anterior  chamber  of,  250,  255,  259 
arteries  of,  ^ 
development,  307 

endothelium  of  anterior  chamber  of, 

inlerfascial  space  of,  2^ 
lymph  space*  of,  253 
IvTnphatics  of,  joj 
muscles  of,  263 
fascia  of,  2O5 

levator  palpel>rv  suficrioris,  263, 
266 

nerves  of,  i^^J 

oblique,  263,  265 

orbital,  267 

recti,  263,  264,  265 
nasal  surface  of,  249 
nerves  of,  2S7,  260.  ihl 


INDEX. 

Eye,  nerves  of,  sympathetic,  241 
ophthalmoscopic  picture,  ££5 
posterior  chamber  of,  2SS,  2SQ 
temporal  surface  of,  249 
wins  of,  8^  §2i  39 
Eyeball,  247 

arteries  of,  ^  2S7 

axis  of,  247 

coats  <if,  249 

contents  of,  asS 

development,  2L1 

diameter  of,  247,  249 

motor  apparatus  of,  263 

muscles  of,   263.    See  also  Eye, 

muscifs  of. 
nerves  of,  197,  2j;7,  260.  lin. 
}x>les  of,  247 
sha|xr  of,  2^ 
tunics  of,  249 

conjunctival,  iJA 
veins  of,  258 
ICyebrows,  270.  301 
Eyelashes,  270,  301 
Eyelids,  269 

arteries  of,  ^  273 
IwrdcTS  of,  259,  270 
commissures  of,  263 
development,  JJA 
framework  of,  £21 
ligaments  of,  272 
lower,  breadth  of,  270 
lympliatics  of,  107,  273,  274 
muscles  of,  272 
nerves  of,  273 
orbital  portion,  270 
palpebral  jxjrtion,  270 
raptie  of,  lateral,  272 
aoDum  of,  222 
surfaces  of,  £2© 
tarsal  arches  of,  22J 

glands  of,  272,  300 

muscles  of,  222 

plates  of,  271,  272 
tarsus  of,  271,  272 
tunics  of,  conjunctival,  273 
upfier,  breadth  of,  270 

muscles  of,  266.  267 
veins  of,  223 


Face,  303 

arteries  of,  2^ 

nervfrs  of,  167,  194 

regions  of,  303 

skin  of,  nerves  of,  203 

Veins  of,  89 
Facial  anastomotic  vein,  90 

artery,  external,  22,  2^ 
transverse,  afi 

canal  of  internal  auditory  meatus, 

prominence  of,  jSi 
colliculus,  i_2i 
l)Tnphatic  nodes,  deep,  107 
ner>'e,  131,  132,  169,  186,  204,  294 

area  til,  283 

internal  genu  of,  125 

nucleus  <)f,  1 75 


Facial  nerve,  roots  of,  17s 
vein,  common,  Kq 
posterior,  30 
transverse,  qi^ 
Fallopian  tubes,  arteries  of,  61^  63 
lymphatics  of ,  11 1 
I  Falx  ccrebelli,  189 
cerebri,  189 
P'ascia  buibi,  itSl 

dentate  of  hippocampus, 
superficial,  of  sulicutaneous  tela,  239 
Fasciculi,  cerebruspinal,  116,  183 
cuneatus,  nucleus  of,  122 
gracilis,  nucleus  of,  122 
Gudden's,  183 
longitudinal,  i77.  178 

medial,  of  brain-stem,  160,  184 
of  medulla  oblongata,  1 74 
of  iKins,  176,  184 
of  brachial  plexus,  219 
of  cerebrum,  132 
of  pons,  longitudinal,  i_2£ 

oblique,  162 
of  spinal  cord,  iih. 

anterolateral,  superficial,  ufi 
cerebellar,  direct,  1 16 
cerebellospinal,  1 16 
cuneatus,  li& 
Flechsig's,  1 16 
gracilis,  1 18 
Helwe^'s,  nfi 
Marchi's,  1 16 
marginal  anterior,  nft 
oval,  I  '8 
proprius,  1 16 
pyramidal,  1 16 
sulcomarginal,  1 16 
pedunculo-mammillar>', 
relroflexus,  183 
solitary,  vj^ 

tegmentomammillary,  1S2 
thalamomammillary,  153 
uncinalus,  176 
Fasciola  cincrea,  14? 
Fastigii  nucleus  oTcerchellum,  165 
Fastigium,  170,  171 
P"auccs,  isthmus  oT,  ncrtTS  of,  204 
Femoral  artery,  6& 

lateral  circumflex,  M 
medial  circumflex,  62 
circumflex  veins,  mz 
cutaneous  ner\'e,  lateral,  230 
posterior,  233 

rami  of  femoral  nerve,  anterior, 

nerve,  231 
regions,  306 

sympathetic  plexus,  346 
triangle,  306 
vein,  iiii^  ioz 
Ferootxjpopliteal  vein,  103 
F'cmur,  305 
I      nutrient  arteries  of,  inferior,  fifi 

Fertilised  o\-um,  302 
.  Fiber-tracts  of  brain,  ijfi 
of  brain-stem,  183 

of  cerebellar  mcauUar)'  substance, 
I  183 
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Fiber-tracts  of  cpithalamus,  1S2 
of  hv-pothalarouii,  lAi 
of  medulla  oblongata,  ija 
of  pons,  12?,  1 75 
of  rhinenceph.iloh,  ifii 
of  white  substance  of  telencephalon, 
176 

Fibrorartilaginous  ring  of  tympanic 

membrane,  202 
Fibrous  tunic  of  eye,  349 
tlcvelopmcnt,  j6j 
Filwla,  arteries  of,  21 
Fibular  dorsal  digital  artery  of  fifth 
toe,  2^ 
of  fourtK  toe,  j6 
of  third  toe,  ^6 
ncrx-c  of  fifth  toe,  T^i 
plantar  digital  arteries,  25i 
of  fifth  toe,  76 
of  fourth  toe,  j6 
of  hallux,  25,  j5 
of  second  toe,  jS 
of  third  toe,  J6 
ramus  of  posterior  uljial  arter>',  2I 
Fifth  cranial  nerve,  i.^i,  133,  18;;,  104 
first  ramus,  ign,  i»t> 
second  ramus,  ^c)'^,  tpS 
third  ramus,  195,  201 
finger,  305 
toe,  306 
Fila  of  jx>ns,  later*.,  ifia 
Fillet  of  briin-strm,  I7»,  183,  l8i 
Filum  lerminale,  iij 
Fingers,  305 
arteries  of,  50,  £1 
index,  305 
little,  305 

nerves  of,  lit,  123,  uj 
regions  of.  305 
ring.  305 
veins  of,  03 
First  craniaJnerve,  130,  184 
dorsal  metacarpal  artery,  42 
ramus  of  trigeminal  nerve,  iqs,  196 
volar  metacarpal  arter}',  ^ 
Fissures  of  cerebellum,  transverse,  163 
of  cerebrum,  136 

calcarine,  rj^ 

central,  136.  159 

chorioidaJ.  im 

collateral,  143 

frontal,  1^2 

lateral,  130 
rami  c37"i37 

longitudinal,  1^7,  130 

parieto-occipiul,  136,  139,  141. 

pnmarv,  136 

Rolando's,  136,  139 

Sylvian,  130 

rami  oCi37,  i.W 

temporal,  143 

transverse,  1 77,  134 
of  occipital  liilx-,  141 
of  parietal  lobe,  y<^ 
of  rhomboidal  fossa,  i^o 
of  Rolando,  136,  139 
of  spinal  cord,  iisTTl^.  167 
lit — at 


Fissures  of  temporal  lobe, 
Flechsig's  fasciculus,  uh 
Flocculus,  132,  165 
Floor  of  oral  cavttv,  nerves  of,  ?04 
Floor-plate  of  cerefn-al  canal,  [£2 

of  spinal  canal,  La& 
Flumina  pilorum,  301' 
Fcrtal  ocular  fissure,  2h2 
Fold  of  vena  cava.,  22i  72 
Folium  of  vermis,  166 
Fontana's  spaces,  25J 
Foot,  306 

arteries  of,  23t  ISi 

dorsal  rcte  01724 

dorsum  of,  arteries  of.  7».  7Si  7^ 

nerves  of,  13^  a3S 

veins  of,  102 
muscles,  nerve*  of,  236 
nerves  of,  im,  231,  234,  i^Sx 
phalan^  of,  306 

arteries  for,  2»i  Z4i  Zi  2^ 

nerves  of,  ?3S,  236 

veins  of, 
regions  of,  j^oh 
sensory  skin  areas  of,  232 
sole  of,  arteries  of,  70.  7S.  76 

nerves  of,  234 

veins  of,  103 
veins  of,  mi 
Foramina  riccum  of  medulla  oblon- 
gata, iM 
interventricular,  of  cerebrum,  129, 

of  TormXTliS 

intervertebral,  308 

of  liiitphragm  <M  sella,  iSj 

of  Magrndic,  121 

of  Monro,  148 

optic,  of  chorioid,  251 

ovale,  279t  285 
rete  of,  87, 

singular,  dTlntcmal  auditory  mea- 
tus. 283 

zygpmalico-orbital,  198 
Forceps  of  corpus  callosum,  147 
Forearm,  artenes  of,  45 

lymptuitics  of,  102 

nerves  of,  220.  221,  222.  224,  225 

regions  of,  305 

sensory  skin  areas  of,  22.S 
Forefinger,  30s 
Forehead,  196,  303 
Fornix,  trs,  148 

body  of,  148 

columns  017134,  148.  155 
of  covered  portion,  159 
conjunctival,  273 
covered  portion,  148 
CTUS  of,  148 
foramen  of,  ij8 
free  portion,  148 
hippocampal  commissure  of,  148 
long,  1S2 

of  lachrymal  sac,  269 
txnia  of,  151 
transverse,  178 
FossK,  axillary  sensory  skin  areas  of. 


Foax,  carotid,  304 
cubital,  30; 

ncrves^M,  224 
hyaloid,  256 
incudal,  aaft 
infraclavicular,  304 
interpeduncular,  i.S9,  1^ 

posterior  perforated  substance  of, 

jugular;  304 

of  cerebellum,  rhomboidal,  ijj 
of  cerebrum,  interpeduncular,  131 

lateral,  130,  136 
cistern  of,  190 

Sylvian,  130,  136 
of  cochlear  fenestra,  2&& 
of  Tarini,  159^  ifia 
of  vestibular  fenestra,  285 
popliteal,  ?o6 
retromandibular,  303 
rhomboidal,  roedullaxy  strie  of.  iSj 

of  fourth  ventricle,  t6?.  169,  170 
supraclavicular,  303 
triangular,  of  auricle,  296 
eminence  of,  297 
Fourth  common  plantar  digital  nerve, 

volar' digital  nerve,  223 
cranial  nerve,  131,  132,  185,  193 
digit  of  hand,  30s 
dorsal  metacarpal  artery,  50 
ventricle,  129,  yt^  13^1  120 
lateral  recess  of,  132.  170 
posterior  medullary  velum  of,  171 
rhomboidal  fossa  of,  167,  i6q,  170 
taenia  of,  171 
tcemen  ofTjJo,  iji 
tela  chorioide*  oT7Vj5j  I't 
volar  metacarpal  artery,  £i 
Fovea  central Ls,  2^4 
FoveK  of  rhomboidal  fossa,  170 
Frenulum  of  anterior  medullary  vel- 
um, 160. 
Frons,  303 
Frontal  aner>',  32 
ccrebropontile  tract,  181 
diploic  vein,  86 

lobe  of  cerebrum,  130,  136,  137,  139 
nerve,  1^6 

jx>lc  of  cerebrum,  130^  ij6j  137 
portion  of  corona  radiata,  178 

of  corpus  callosum,  1^ 

of  operculum,  139 
ramus  of  frontal  ncrvr,  ujf) 

of  superficial  temporal  artery,  22 
region.  303 
sulci,  132 
vein,  90 

Fundus  «r  internal  auditory  meatus. 

Funiculi  of  spinal  cord,  1 1$.  n6.  1 18 
Fusiform  gyrus,  143 


Gall-bi^DDEK,   nerves  of,  s>-mpa- 
thetic,  245 
veins  of,  q& 
Ganglion  nodosum,  2fi& 


.^22 

(iassrrian  ganglion,  i8s.  194 
Oastric  arteries,  ^  ^ 

lymphatic  n«Klc*,  1 10 

nervous  plexuts  ?o8.  iii 

rami  of  vagus  iJ-i 

sympathctir  plexuses,  345 

win, 

CtastriKluodenal  artery, 
GaMro-epiploic  arteries,  *j6 
veins,  38 

Gelatinous  substance  of  Rolando,  11  ^, 
L2a. 

Geniculate  bodies,  1^ 
ganglion,  1H7 

01  facial  nerve,  loij 
Geniculum  of  faci.il  nerve,  external, 

Genital  ramus  of  genitofemoral  nerve, 

Genitalia,  rxlernal,  arleri<-s  of,  6ij  6^ 

lymphatics  of,  1 10,  jjj 

nerves  of,  1^0, 
Genitocrural  ner»-e,  1^0 
Genitofemoral  nerve, 
Genu,  ^toi) 

inferior  arteries,  22 

internal,  of  facial  nerve,  1 75,  1H7 

media  artery,  70 

of  corpus  <allosum,  1^ 

of  internal  capsule, 

superior  arteries,  fig 
Germ  layers,  ^07 
Gingi%°al  rami,  inferior,  toj 

suj>erlor,  199 
Glans  p<.-nis,  nerves  of,  2_j8 
G1oIk>sus  nucleus  of  cereljellum,  i6£ 
Globus  pallidus,  1 1  ^ 
Glomeruli  of  lochlea,  arterial,  JS5 
(jlomiforni  glands,  igg 
Glomus  carotitum,  22 
Gloss»)i>haryngeal  nerve,  ixi,  tOg.  187. 

^07 

Gluteal  artery,  inferior,  6^ 

sujH'rior,  tii 
nerves,  j^j 
region,  305 

arteries  of,  fij. 

nerves  of,  ijg.  3\,\ 
veins,  iqq 
Goll's  column,  1 18 
(lowers'  tract,  1 1(1 
Gratiolet's  optic  radiation,  1&2 
liray  columns  of  spinal  <  c)rd,  llS 
commissures  of  s]>inal  coril,  1 18 
cortex  of  ccrolielhim,  t  jj; 

of  cereln-um,  i  ^i; 
ganglia  of  c  ercbrjil  hemisj)heri  s,  i_££ 
nervous  sulntancr,  1 12 
nuclei  of  cerebellutn,  1O5 
portion  of  hyiKithalamus,  1^ 
rami    communicantes    of  »yir,]a- 

thctic  trunk,  ?,<o 
reticular    sui>stancc    of  medulla 

oblongata.  IT^ 
stratum,  central,  ^o,  21 

of  8u[H-rior  collii  ulus,  i>>o 
substance  of  brain,  iii) 

of  cord,  central,  1  1 1  iK 
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Great  auricular  nrrvx,  214 

posterior  ramus,  aia.  2qj 

aortic  sinus,  ig,  fSo. 

cardiac  vein, 

cerebral  vein,  fiiS 
cistern  of,  tqo 

(H'cipital  ncr\>,  31a 

omentum,  arteries  of,  55^  ^ 

toe,  arteries  of,  7?,  76 
nerve*  of,  J^|^, 
Greater  arterial  circle  of  iris,  2^ 

circulation,  12 

piilatine  artery,  25 

splanchnic  nerve,  243 

superficial  petrosal  nerve,  lea 
Gudden's  cximmissure,  i££ 

tegmental  fast  iculus,  1A2 
Gums,  arteries  of, 

nerves  of,  J04 
Gustatory  organ,  ?o8 
development,  107 
Gut,  bronchial,  308 
Gyri,  basal,  i';4 

cinguli,  144 

fornic^tus,  144 

hippocampus,  ijj 

lingual  is,  143 

of  cerebellum,  1 29,  164 

of  cerebrum,  1 20.  135,  i_xb.  Sec 
Crrebrum,  xyri  oj. 

of  insula,  145 

of  occipilartobe,  lil 

of  parietal  lobe,  ng 

of  rhinencephalon,  14  s,  m6 

f>f  tcmjxjral  lobe,  14 1 

rectus,  1^  IJ2 


Kabkm'l.'E,  l.^4,  IS 5.  i.sS 

commissure  of,  158 
Ilatienular  ganglion,  1  ^8 

trigone,  i£8 
HemorrhoiSaT  arteries,  inferior,  0^ 
middle,  6j 
superior,  58 

nerves,  inferior,  2  ^8 
middle,  237 
sufierior,  2ib 

symj*athelic  plexuses,  246 

veins,  gS,  100,  mi 

venous  plexus,  100 
Hair,  301 

IxKjy,  ;^oi 

develo])ment,  j£2 

follicle,  301 

lanugo,  _joi 

of  axilla,  301 

of  Ix-ard,  301 

of  ear.  ^01 

of  head,  ?oi 

of  nostrils,  301 

of  tragus,  30i_ 

papilla,  301^ 

pubic,  301 

root  of,  301 

sexual  dilference,  302 

shaft,  301^ 

wool,  301^ 


Hallcr's  cceliac  tripod,  55 
Hallux,  .^06 

arteries  trf,  24,  2^  jb 

nerves  of,  2^  2^5 
Hamulus  of  spiral  lamina  of  modiolus. 

Hand,  .irterics  of,  43 
dorsum  of,  arteries  of,  4  s.  46.  4g.  go 

nerves  of,  22J 

veins  of,  ^ 
muscles,  nerves  of,  22J 
ncrv«-s  of,  220.  221.  223 
palm  of,  arteries  of,  45,  43,  Jl 

nerves  of,  nt 

veins  of,  oj 
phalanges  tifTjo^ 

arteries  of,  42,  ^o,  52 

nerves  of,  221,  223,  225 

veins  of,  g^ 
regi<ins  of,  30S 
sensory  skin  areas  of,  22% 
Veins  of, 
Hard  palate,  arteries  of,  2^ 

nerves  of,  am 
Hasner's  fold,  2ba 
Head,  arteries  of.  20,  Ji,  33 
lymphatics  of,  istl 
nerves  of,  ig4,  20s 

sympathetic,  241,  242 
of  caudate  nucleus  of  lateral  ven 

tricle,  150 
of  «-orpus  striatum,  1  go 
of  posterior  column  of  cord,  120 
process  of  primitive  streak,  307 
regions  of,  302,  303 
veins  of,  82,  84 
Heart,  arteries  of,  ig,  20 

coronary  sinus's!,  22 
cmbrvonic,  primitive,  12 
lymphatics  of,  106.  icq 
nerves -of,  210 

sympathetic,  241.  243 
veins  of,  2^,  22 
Helicis  major  muscle,  252 

minor  muscle,  2^2 
Helirotrcma,  276,  282.  283 
Helix,  2q6 
Cauda  of,  296 
spine  of,  2g6 

sulcus  of,  2Q7 

Helweg's  bundle,  1  iB 
Hfmi-a«ygos  vein,  fifi 
accessory,  84 
development,  22 
Hemispheres,  cerelwal,  i2g,  136.  Sec 
also  Cerebrum,  kemisphtres  oj. 
of  cerclxrllum,  163,  164.    See  also 
Cerebellum,  hemispherts  oj. 
Hensen's  duct,  274,  276 
Hepatic  artery,  £^ 
proper,  ^ 
lymphatic  noclcs,  1 10 
rami  of  vagus  nerve,  211 
sympathetic  plexus,  245 
veins, 

Hilus  of  cerebellum,  16^ 
of  olivary  nucleus,  123 
Hind-brain,  12s,  163 
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Hip,  nerves  of,  ijo  ' 
Hip-joint,  capsulcof,  ner^'cs  of,  jjj  i 
Hip-muscles,  nerves  of,  336 
Hippocampal  commissure,  itSt.  178 

bmbria,  i.st 

gyrus,  !^ 
Hi|ii''*^-ii"I'U!i,  LSI 

«lt  nul  fasria  of,  151 
Hirri,  ^01 

Hurirontal  ramus  of  Sylvian  fissure, 
anlerior,  H7 
sulcus  of  cerebellum,  ib± 

Horns  of  cord,  1 18,  liq  r 
posterior,  bulb  of,  ' 

Human  body,  development,  early,  306 
primary  foundation  of,  ^07 
regions  of,  ;^o^  i 
structure  of,  ^o6  f 

Humeral  artery,  circumflex  anterior, 

vcm,  circumflex,  f)i 
Hyaloid  artery,  252 
canal,  2£2i  25a 
fossa,  2£6 

membrane  of  vitreous  body,  256 
Hyoid  bone,  development,  308"^ 

ramus  of  lingual  artery.  £^ 
of  superior  thyTcoid  artery, 

region,  .^oj 
HyjKKhondriac  region,  104 
Hypoglossal  canal,  rctc  of.  87,  iti 

nerve,  131,  ixi,  t6q,  t88.  2i± 
vena  comitans  of,  8q 

trigone,  170.  L&S. 
Hyptigastric  artery,  61 
deviations  in,  6^ 

lymphatic  nodes,  1  to 
plexus,  1 10 

region,  30^  305 

sympathetic  plexus,  2 46 

vrin,  loQ 
H\-pophy»is  cerebri,  iju  155 
Hy]K>thalamic  nucleus,  1^ 

sulcus,  iji         1 57 
Hypothalamus,  lu 

basilar  portion  of,  1  so 

development,  125 

filler-tracts  of,  i.Hj 

gray  portion  of,  1 

mammillary  portion  of, 

optic  portion  of,  1 35,  1  ^4 

tegmcnted  ]»rtion  of,  1^53 


Ileal  arteries,  52 
Ileocolic  artery,  58 

veins,  26 
Iliac  artcriin,  common,  1^  61 

deep  circumflex,  66 

external,  65 

internal,  tn. 

superticial  circumflex,  67 
lymphatic  nodes,  iii 

plexus,  1 10.  Ill 
ramus  <if  iliolumUir  artery,  &i. 
sym|»athclic  plexuses,  246 
Vein,  g6 

ciinimon, 


Iliac  vein,  deep  circumflex,  lai 
external,  mi 
interiuil,  loa 

superficial  circumflex,  102 
Iliohypogastric  nerve,  230 
Ilio-inguinal  neri-e,  2jo 
Iliolumbar  artery,  2Sn 

vein,  ific 
Incudal  fold,  233 

fossa,  2£6 
Incudomalleolar  articulation,  3M 
Incudostapedial  articulation, 
Incus,  282^  288,  289 

development,  289,  308 
In<lex-finger,  305 

arteries  of,  ^  50,  51 

nerves  of,  222 
Indirect  sensory  cerebellar  tract,  183 
Inferior  alvinlar  artery,  22 
nerve,  -'04 
vein,  qi^ 

ampullary  ner\T,  i&i 

brachium  i|uadrigeminum,  if>o 

bulb  of  internal  jugular  vein,  85 

cardiac  nerve,  2^1 

rami  of  recurrent  nerve,  no. 

caroticotympanic  nerve,  242 

cerebellar  arteries,  32 
vein,  as 

cerebral  veins,  £& 

cervical  sympathetic  ganglion,  240. 
lAl 

cluneal  nerves,  23^ 
colliculus, 

nucleus  of,  ilm 
commissure  of  lubar  cinereum,  i£5 
conjuncli\-al  fornix,  273 
cornu  of  lateral  ventricle,  140.  i 
cribriform  macula,  270 
<leep  cer\ncal  lymphatic  nrxles,  107 
dental  artery,  22 

nervous  plexus,  joj 
rami,  204 
epigastric  artery,  65 

vein,  ID  I 

external  articular  artery  of  knee,  22 
fovra  of  rhomlioidal  fossa,  1 ,  r 
fronLil  gyri,  1 17 

sulci,  [32 
gastrit  lymplialic  nodes,  ito 
gingival  rami,  20^ 
gluteal  artery,  63 

nerve,  232 

vein,  LOQ 
hemorrhoidal  arteries,  64 

ner\TS,  338 

veins,  ICQ,  ifii 
internal  articular  artery  of  knee,  70 
labial  artery.  25 

ner\'ous  rami,  20j 

vein,  22 
lachrymal  gland,  268.  260 

papilla,  2ii& 

punctum,  268.  j6q 
laryngeal  artery,  ^ 

nerve,  ^lo 
longitudinal  fasciculus,  128 

sinus  of  dura  mater,  8;; 


Inferior  macular  arteriole,  2^4 
medial  cluneal  nerve,  238 
mesenteric  artery,  1^  58 

sympathetic  plexus,  2A£! 

vein,  28 
nasal  arteriole  of  retina,  2^4 

rami  of  sphenopalatine  ganglion, 
posterior,  200 
oblioue  muscle  of  eye,  165 
ophtnalmic  win,  87 
palpebral  rami  of  infra-orbital,  lejg 
of  infratrochlcar,  IQ7 

veins,  go 
pancreaticoduodenal  artery,  52 
|>arietal  lobule,  ijl 
(HTtoral  lymphatic  nodes.  laS 
{K-lrosal  sinus  of  dura  mater, 
phrenic  arteries,  53 

veins,  m 

portion  ot  rhomboidal  fossa,  i6g, 

]>rofunda  artery,  ^ 

rami  of  cutaneous  cer\nral  nerve.  2 1  j 

of  oculomotor  nerve,  1^3 
rectus  muscle  of  eye,  261 
sagittal  sinus  of  dura  mater,  85 
semilunar  lobule  of  cerebellum,  16^ 
suprarenal  arteries,  53 
surface  of  cerebral  hemispheres, 

tarsal  arches  of  eyelids,  223 
artery,  32 

muscles  of  evelids,  272 
temporal  arteriole  of  retina,  25^ 
gyrus,  iji 
sulcus,  143 
thyreoid  artery,  321  42 
sympathetic  plexus,  342 
veins,  83 
tympanic  artery,  23^ 
ulnar  collateral  artery, 
vena  cara,  22i  QS 

dewlopment,  22i  2§ 
vermis,  165 
vesical  artery,  63 

nerves,  232 
vestibular  area  of  internal  auditory 
meatus,  283 
Infraclavicular  fossa,  304 

region,  30^ 
Infra  mammary  region,  304 
Inframaxill.nry    recurrent    nerve  <>f 

Arnolil,  2Q1 
Infra-orbitnl  artery,  2q 
ner>'e,  itjS 
region,  303 
Infraixatellar    ramus    of  sa]>henous 

nerve,  231 
InfrascapuHir  region,  305 
Infratrixhlear  nerve,  u}^ 
Infundibular  recess,  133.  1       1  i;h 
Infundibulum,  i^it  rjj,  iJi,  155 
Inguinal  ligament,  arteries  of,  tiL 
lymphatic  nodes,  tit 

plexus,  1 1 1 
rami  of  femoral  artery,  62 
regions,  Literal,  xo^ 
Innominate  artery,  10^  it 
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Innominate  veins,  82^  fij 

development,  n 
Insula  of  cerebrum,  i.^6,  14s 

sulci  of,  14s 
Integument,  external,  igS.    See  also 

Skin.   

IntcrcapituLar  \-cins  of  foot,  io_j 
of  hand, 

Inlerca\'crnous  sinuses  of  dura  mater, 
S6 

Intercostal  arteries,  ig,  40.  5j 

anterior,  33. 

superior,  ^ 
lymphatic  nodes,  lop 
nerves,  lifi 
vein*,  fii 

anterior,  8t 

supreme,  "St 
Intcrrostohracfiial     anastomosis  of 

medial  brachial  cutaneous  ncr\'e, 

nerves,  iifi 
Interfascial  space  uf  eve,  2ljii 
Interlobular  veins,  06 
Intermediate  dorsalcutaneous  nerve, 

lymphatic  nodes,  iq& 
mass  of  thalamus,  i.u.  til 
nerves,  187,  joj 
olfactory  stria,  14s.  146 
portion  of  rhomboidal  fossa,  170 
sulci  of  cerebrum,  150 
of  spinal  cord,  its.  i6q 
Internal  arcuate  nerve  fibers,  ijj 
articular  arteries  of  knee,  63,  jo 
auditory  artery,  jjj  iMl 
meatus,  j8j 

cochlear  area  of,  i8j 

facial  canal  of, 

fundus  of,  iSj 

singular  foramen  of,  iSj 

transverse  crest  of,  jS; 

vestibular  areas  of, 
veins,  86^  285 
capsule  of  cerebrum,  1  s.^.  1 1;4 
carotid  artery,  17,  22,  30 

caroticotympanic    ramus,  ^ 

nerve,  240.  241 

symp,-ithctir  plexus,  242 

venous  plexus,  87 
cerebral  veins,  S& 
cutaneous  nerves,  220,  2^1 
dorsal  cutaneous  rami  uTihtcrcoslal 

arteries, 
car,  274 

genu  oT facial  nerve,  17^,  187 
Iliac  artcrj',  61 

vein,  iflfi 
jugular  vein,  2L 
mammary  artery,  ^ 

s>-mpathetic  plexus.  243 

vein,  8^ 
maxillary  artery,  33^  £2 

sympathetic  plexus,  242 
nasal  nco-ous  rami,  107,  igg 
ocular  axis,  2^2 
pterygoid  nerve,  20.:; 
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Internal  pudendal  artcr)-,  6^ 
vein,  lao. 
ramus  of  accessory  neri-e,  211 
uf  spinal  accessory  nerve,  2qK 
of  superior  laryngeal  nerve,  203 
spermatic  arteries,  ig,  59 
sympathetic  plexus,  245 
veins,  33 
spinal  vems,  82^  12^ 
tunic  of  eye,  253.    Sec  also  Retina. 
vertebral  wnous  plexuses,  &2 
Interolivary  stratum  of  lemniscus,  174 
Interosseous  arteries,  ^ 
nerve,  antibrachial,  i2± 
crural,  2.^4 
dorsal,  224 
posterior,  224 
volar,  221 
recurrent  artery,  48 
Interparietal  sulcus,  140.  I4t 
Interpeduncular  cistern,  igo 
fossa,  1  I ,  I SQ,  itm 

]>ustcnor  perforated  substance  of, 
•34 

gangttsn,  ihl. 
Interscapular  region,  305 
Intervaginal  spaces  of  optic  nerve,  262 
Interventricular  foramen  of  cerebrum, 

Ii2i  '55 

•  of  fornix, 
uf  thalamus,  H4 
Intervertebral  foramen,  .^o8 

veins.  Si 
Intestines,  arteries  of,  55,  57 

lymphatics  of,  io6.  ioq 

nerves  of,  sympathetic,  245 

veins  of,  36,  08 
Intratragic  notcn^  226 
Iris,  250,  252 

angle  of,  252,  255 
spaces  or~2^2 

arterial  drclrs  of,  258 

arteries  of,  2S7.  258 

ciliary  margin  ot,  2S» 

color  of,  25J 

folds  of,  2£J 

musculature  of,  ajj 

nerves  of,  3^0 

pectinate  ligament  of,  2^2 

pigmentation  of,  2S.^ 

pigmented  layer  0^,  2^,^,  ££5 

portion  of  retina,  25^ 

pupillary  margin  of,  2^2 

size  of,  252 

stroma  of,  253 

surfaces  <if,  2i;2,  2f,\ 

zones  of,  252 
Island  of  Rciir  1  .^6,  14s 
Isthmus  of  aorta,  20 

of  Eustachian  tube,  20T 

of  fauces,  ncn-cs  of,  20^ 

of  gjTus  fornicalus,  m 

of  tragus,  jq6 


JaCODSON'S  plexus,  207 

Jejunal  arteries,  ^ 
vein,  g6 


Jugular  fossa,  301 
ganglion,  2fiSt 
lymphatic  plexus,  107 

trunk,  loh 
nerve,  208,  241 
vein,  anterior, 

external,  77^  21 

internal,  22i  ^ 

primitive,  22 
venous  arch,  32 

wall  of  tympanic  cavity,  281;,  287 


Kidneys,  arteries  of,  55^  ^ 

bloodless  area  of,  53 

lymphatics  of,  l11 

nerves  of,  uj 
sympathetic,  245 

veins  of,  9g 
Knee,  306 

regions  of,  .^o6 
Knee-joint,  arteries  of,  6j 

veins  of,  103 


Labia,  lymphatics  of,  1 1 1 
majora,  arteries  of,  6^  67 

nerves  of,  2.^0,  238 

N-eins  of,  im 
Labial  arteries  anterior,  62 

inferior,  25 

posterior,  6^ 

superior,  2^ 
nerves,  anterior,  230 

posterior,  238 
nervous  rami,  inferior,  104 

superior,  ujg 
regions,  ^ 
veins,  go 

posterior, 
Labyrinth,  274 
development,  284.  307 
membranous,  22i 

arteries  of,  284 

development,  284 
osseous,  274,  278 

development,  28^ 
veins  of,  28s 
vesicle,  2S4 

wall  of  tympanic  ca«ty,  285 
Lac,  300 

Laccrtus  of  lateral  rectus,  264 
Lachrymal  apparatus,  267 

Mze  of  portions  oi,  269 
artery,  ILi  2^ 
canals,  267,~2b8 
caruncle,  222 
ducts,  267.  268.  263 

ampulla  of,  26B,  260 
fold,  263 
glands,  267,  2fi& 

arteries  of,  23,  ^  1 ,  269 

excretory  duct  oTTaffli 

l)Tnphatic»  of,  269 

nerves  of,  2  fx) 

size  of,  ibcj 
lake,  267,  272 
nerve,  196,  269 


r  ;  ,  ■ by  Go 
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Lachrymal  papillc, 

puncta,  a68,  j6o 

rivus,  270.  £21 

sac,  267,  3(k) 
fornix  bC*6Q 

vein,  82 
Lacrimx,  j67 
Lactiferouioucu,  300 

sinus,  300 
Lacus  lai  nmalis,  a67.  271 
Laminar.  alTixa,  no 

basal,  of  cborioid,  2£i 

chariocapillar>-,  i«i 

chorioidal  cpitheual,  of  fourth  ven- 
tricle, 171 

cribrosa,  olsclcra,  J49 

rpithclial  medullar^',  iij 

fusca,  of  sclera,  340 

of  cerebellum,  mcdullarj*,  i6a.  165 

of  ear,  spiral,  £27 

of  Eustachian  tube,  cartilaginous, 

membranous,  301 
of  modiolus,  282.  2IM 

spiral,  hamulus  of,  z&Z 
of  optic  thalamus,  medullary,  152 
of  septum  pcllucidum,  l  u.  I40 
of  tragus, 
quadriflimina,  i_S2 
suprachorioidaJ,  2£t 
tcrminalis,  i£S 

of  corpus  callosum,  tx% 
vasculosii,  of  chorioid,  251 
lanugo  hairs,  joi 
I>iryn(;eal  artery,  inferior,  40 
superior,  2j 
ncrvfii,  2og,  uq 
re^on,  .^o.^ 
vems,  superior,  9a 
LaryngopharyngeaTsympathetic  rami, 
Ul 

Larynx,  arteries  of,  2ji  40 
lymphatics  of,  102 
nerves  of,  200,  iao. 

sympathetic,  2^ 
»i'ins  of,  8j 

lateral  accessory  olivary  nucleus,  ijj 
angle  of  eye,  260 
anterior  malleolar  artery, 
antibrachial  cutaneous  nerve,  Z2Q 
aperture  of  fourth  ventricle,  1,^2,  170 
brachial  cutaneous  nerve,  net 
calcaneal  rami  of  peroneal  artery,  22 

of  sural  nerve,  3^ 
cartilaginous  lamina  of  Eustachian 

tube,  2qo 
cerebral  fossa,  cistern  of,  100 
cerebrospinal  fasciculus,  1  iC> 
circumflex  femoral  artery,  6S 
cluneal  nerves,  31,7, 
column  of  curd,  ■ 

costal  ramus  of  internal  mammary 

artery,  32 
cutaneous  nerve  of  dorsum  of  foot, 
lU 

rami  of  i1iohypoga.stric  nerve,  230 
of  interixistal  arteries,  5^ 
nerves,  u& 


Lateral  cutaneous  rami  of  thoracic 
nerves,  2aii 
dorsal  digital  artery  of  fifth  toe,  lii 
76 

of  fourth  toe, 
of  hallux,  21 
of  third  toe,  ■j6 
nerve  of  fifth  toe,  j_';4 
fasciculus  of  brachial  plexus,  210 
femoral  circumflex  vein,  lai. 

cutaneous  nerve,  2.^0 
fila  of  pons,  1^ 
fissure  of  cerebrum,  ijo 

rami  of,  ij2i  L22 
fossa  of  cerebrum,  ijo 
funiculus  of  spinal  cord,  us.  '16 
geniculate  body,  156 
genu  arteries,  Og^  22 
horn  of  cord, 
lemniscus,  162.  176,  187 
ligament  of  auditory  oasicles,  289 
longitudinal  stria;  of  corpus  callo- 
sum, IJ7 
malleolar  artery,  posterior,  72 

rrte,  25 
mesencephalic  sulcus,  itia. 
nasal  artery,  anterior,  ^ 
nervous  rami,  107 
rami  of  sphenopalatine  ganglion, 
nervous,  posterior  superior,  iqq 
olfactory  stria,  141.  \&2. 
palpebral  commissure,  269 

raphe,  272 
plantar  artery,  2h  21 
digital  arteries,  25. 
of  fifth  toe,  22i  2^ 
of  fourth  toe,  2* 
of  hallux,  2Si  26 
of  second  toe,  26 
of  third  toe,  26 
nerve  of  fifth  toe,  proper,  215 
plantar  ncr\'e,  32I 
veins,  io_j 
plates  of  mesoderm,  .^07,  .^o8 
recess  of  fourth  ventricle,  120 

of  rhomboidal  fossa,  170 
rectus  muscle  of  eye,  26a 
sacral  arteriei,  62. 

veins,  laa. 
semicircular   canal,  membranous, 
276 
osseous,  2&I 

prominence  of,  2S6 
sinus  of  dura  mater,  85 
sphenoidal  nerves,  202 
sulci  of  spinal  cord,  115 
of  medulla  oblongata,  anterior, 
i6q 

sural  cutantous  nerve,  235 
tarsal  artery,  21 
thoracic  arter)-,  ^ 

vein,  2i 
ventricle*,  1 20,  I JO.  l_J2 

caudate  nucleus  of,  head  of,  no 

central  portion  of,  140.  iSo 

chorioid  glomus  of,  151 
ticnia  of,  i_5j^ 

collateral  eminence  of,  152 


Lateral  ventricles,  collateral  trigone 
of,  LSi 
cornua  of,  i4o-ni 
ccMpus  striatum  of,  no 
lamina  afl&xa  of,  i%i 
terminal  stria  of,  150 
vestibular  ncr>-e,  nucleus  of,  iS^ 
vestibulospinal  tract,  ii£ 
Least  splanchnic  nerve,  245 
Left  atrium  of  heart,  oblique  vein  of, 

za 

bronchial  arteries,  ja 

broncbonH'fli.isiinal  lymphatic 
trunk, 

colic  arter>-,  58 
win,  98 

common  carotid  artery,  i<j,  2a 

coronary  artery,  13 

gastric  artery,  '55 

gastro-epiploic  artery,  56 
vein,  98 

inferior  pRrenic  artery, 

innominate  vein,  8j 

internal  spermatic  artery,  5^ 

jugular  lymphatic  trunk,  ifi^ 

lumbar  arteries,  da 

lymphatic  trunk,  lab. 
lumbar,  T04 
subclavian,  106 

middle  suprarenal  arter}-,  58 

pulmonary  vein,  28 

renal  artery,  ^ 

subclaxian  artery,  iq,  jq 

ventricle,  posterior  vein  of, 
Leg,  .^06 

arteries  of,  22,  21 

development,  .^08 

lymphatics  of,  no.  ujt 

muscles,  nerves  of,  2t6 

nert-cs  of,  229.  2ti.  3,^2,  3^^.  2%6 
sympathetic,  ;4<j 

regions  of,  305 

sensory  skin  areas  of,  2J2 

veins  of,  lOL 
I^emni.vus,  162.  172,  n\,  183,  184 

acoustic,  1 76 

detnissation  of,  172 

inlerolixTuy  stratum  of,  12^ 

lateral,  176,  187 

medial,  173.  176 

of  pons.  170 

trigone  of,  162.  16 ^ 
Lens,  crj-slalline,  2SS-    Sec  also  Crys- 

laUinr  lens. 
Lesser  arterial  circle  of  iris,  258 

circulation,  i_2 
\-eins  of,  28 

internal  cutaneous  ner^x,  12a. 

occipital  nerve,  21A 

palatine  arteries.  22 

splanchnic  nerw,  243 

su|)erficial  petrosal  nerve,  201.  207 
I-cvator  palpehrir  superioris.  26^,  ilid 
Ligament,  ncnticulate,  124 

of  vena  cava,  22j  29 
Ligamenlum  arteriosum,  i£ 
Limen  insuir,  14s.  146 
Limiting  sulci  of  cerebral  canal,  i32 
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Limiting  sulci  of  rhomhaiiial  (osaa,  120 
Lines  of  trunk,  304 
Lingual  artery,  ij.  2^ 
lymphatic  nodes,  107 

plexus,  243 
nerve,  JOj,  304 

communicating  rami,  10^ 
rami  of  ^lossi  pharyngeal  nerve,  2Q& 

of  h)'poglo:-'SU»,  2ii 

of  lingual  nerve, 
vein,  89 
I.ingula~<3  vermis,  166 

vinculum  of,  16^ 
Lips,  arteries  of,  jj 
nerves  of,  iqq,  204 
veins  of,  go 
Uttlc  finger,  305 

toe,  ^ 
Li\Tr,  arteries  of,  55 
lymphatics  of,  106.  too 
nerves  of,  211.  ais 
sympathetic,  245 
vein*  of,  g6 
Ixibcs  of  cerebrum,  130,  136,  137-143 
frontal,  rjo,  1367137 
occipital,  130,  136, 
parietal,  Li5jLi2 
temporal,  130,  136,  i4t 
of  hypophj-sis  cerebri, 
I^hus  Wvcntcr,  164, 
Locus  ca^rulcul^  iji 
Long  ciliary  nerves,  107,  198,  2lia 
fornix,  i8j 

posterior  ciliary  arteries,  ^  25  7.  £58 
saphenous  vein,  103 
subacaiiular  ncr*T,  jiq 
thoracic  artery,  ^  43 

nerve,  116 
Longitudinal  fasciculi,  177,  178 

of  brain-stem,  ifto.  184 

of  medulla  oblongata,  i^i 

of  pons,  17  c,  176.  184 
fissure  of  cerebrum,  iij,  130 
sinuses  uf  dura  mater,  85 
stride  uf  corpus  callosum,  147,  i&j. 
vertebral  sinuses,  &z 
Lower  extremities,  arteries  of,  6ij  6j 

articular  rctia  of, 

development,  308 

lymphatics  of,  1 10,  n  t 

motor  nerves  of,  236 

nerves  of,  23q,  jjj 

regions  of,  255 

scnstiry  nerves  of,  236,  237 

veins  of,  isu 
Lowest  lumliar  arteries,  60 
Lumbar  arteries,  1^  da 
lymphatic  plexus,  1 10,  1 1 1 

trunk,  104,  no,  tt: 
nerves,  ui.  21H 
nervous  plexus,  jjg, 
region, 

symitathctic  ganglia,  240.  244 

Veins,  go 

ascending,  &i 
Lumbo-inguinal  nerve,  jjt 
Lumbosacral  nerve  trunTct~»Jo 

nervous  plexus,  228.  229 


Lungs,  lymphatics  of,  106.  ia& 
nerves  of,  uq. 
roots  of,  i& 
veins  of,  28 
Lunula,  ^02 
Lymph  capillaries,  loj 

spaces  of  eye,  2sg 
Lymphatic  duct,  isiSl 
nodes,  104.  1116 

anorectal,  110 

auricular,  is& 

axillary,  u>& 

brachial,  10& 

bronchial,  10&. 

cervical,  107 

creliac,  log 

conjunct] x-al,  273 

cubital,  107,  iflli 

facial,  deep,  107 

eastric,  1 10 

hepatic,  Lisi 

hypogastric,  110 

iliac,  in 

inguinal,  1 1  ■ 

intercostal,  icq 

intermediate,  ifiS 

lingual,  102 

lumbar,  11 1 

mediastinal,  lo^ 

mesenteric,  109 

mcsocolic,  109 

occipital,  'f^ 

of  aodomcn,  icq 

of  Eustachian  tube,  22I 

of  false  pelvis,  1 1 1 

of  head,  u6 

of  lower  extremity,  1 10,  ill 
of  neck, 
of  pelvis,  Llfl 
of  RosenmUller,  in 
of  thorax, 
of  true  pelvis,  i  to 
of  upper  extremity,  107 
pancrcaticosplenic,  1  to 
parotid,  107 
pectoral,  ifiS 
popliteal,  III 
pulmonary,  laft 
sacral,  no 
sternal,  100 
subclavicular.  ia& 
subinguinal,  in 
submaxillary,  107 
submental,  107 
subscapular,  is& 
tibial  anterior,  in 
tracheal,  loS 
plexuses.  104.  loL 
alidominal,  lOQ 
aortic,  no 
axillary,  12& 
cicliac,  no 
hypogastric,  no 
iliac,  no,  in 
inguinal,  1 1 1 
jugular,  102 
lumbar,  no,  iii 
mammary,  109 


Lymphatic  plexuses  of  false  pelvis,  in 

of  head,  U2& 

of  tower  extremity,  ita 

of  neck,  106 

of  pelvis,  no,  in 

of  thorax,  loK 

of  upper  extremity,  107 

sacral,  no 
stems,  large,  104 
trunks,  104,  loL 

bronchomediastinal,  106. 

intestinal,  106 

jugular,  ifi& 

lumbar,  104.  1 10,  iti 

Subcla\ian,  106.  100 
Lymphatics,  103 
development,  307 
of  abdominal  viscera, 

wall,  108.  in 
of  arm,  107,  loH 
of  auricle,  222 
of  bladder,  1 10 
of  brain, 
of  bronchi,  to8 
of  clitoris,  III 
of  conjunctiva,  £2^ 
of  diaphragm,  lo^ 
of  duodenum,  109,  no 
of  ear,  io6.  107.  294,  20s.  297 
of  epididymis,  1 1 1 
of  Eustachian  tube,  102 
of  external  auditory  meatus,  1^ 
of  eye,  102 

of  eyclitlir»07.  27.^.  274 

of  Fallopian  tulies,  in 

of  forearm,  102 

of  genitalia,  no,  in 

of  head,  106 

of  heart,  106.  109 

of  intestines,  loS!"  iqq 

of  kidney,  1 1 1 

of  labia,  111. 

of  lachrymal  glands,  263 

of  larynx,  102 

of  leg,  no,  in 

of  liver,  io6.  109 

of  lungs,  io6,  ia& 

of  mammary  gland,  108,  109  301 

of  membranes  of  brain,  iq2 

of  mcsenlery,  locj 

of  mons  pubis,  1 1 1 

of  nape  ot  neck,  loS. 

of  neck,  ifl6 

of  nose,  loj 

of  oesophagus, 

of  o\-arics.  111 

of  palate,  107 

of  pancreas,  100.  '  to 

of  parotid  gland,  102 

of  pelvis,  im 

of  penis,  111 

of  pericardium,  loj 

of  perineum,  no 

of  jiharynx,  102 

of  prostate,  1 10 

of  rectum,  1 10 

of  scrotum,  lu. 

of  seminal  vesicles,  1 10 
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Lymplwtics  of  shoulder,  1^ 
ol  sigmodd  colon,  uj 
of  spermatic  cord,  11 1 
of  spleen,  1 10 
of  stomarh,  ioq.  110 
of  suprarenals,  1 1 1 
of  testes,  111 
of  thigh,  iio,  1 1 1 
of  thoracic  wall,  109 
of  thorax,  io6.  latt 
of  thymus  gland,  ioq 
of  thyreoid  gland,  107 
of  tongue,  107 
of  trachea,  107.  ia& 
of  tympanic  cavity,  304 
o(  up|)er  extremity,  isati 
of  uterus,  110,  111 
of  vagina,  1 10 
thoracic  duct,  loi 


Macula  acusiica  of  sacculus,  226 
of  utriculus,  j2i. 
cribriform,  jja 
lutea, 

Ma<  ul.ir  arterioles,  i^i 
Magimltc's  foramen,  i2± 
Major  cavernous  sympathetic  nerve 
of  clitoris,  1^ 
of  penis,  a  ,16 
forceps  of  corpus  cailosum,  i^ 
Malleolar  arteries,  22i  Ji 
folds,  IQl 
prominence,  iqa 
regions,  .^o6 
retia,  25 
stria,  iqi 
MalU-us,  2S2 

articulations  of,  2SS 
capilulum  of,  iSj 
collum  of,  182 
development,  aSp,  .^oS 
head  of,  jS? 
ligaments  of,  aSp 
manubrium  of,  J87 
muscles  of,  »8o 
neck  of,  287 
processes  01,  jgj 
Mall's  glands,  2^ 
Mamma  virilis,  wi 
Mammary  areola,  300 
artcrv,  internal,  22 
glanJs,  300 
accessory,  .toi 
arteries  of,       12,  Sii  321 
bodies  of,  wo 
lactiferous  ducts  of,  ^oo 
lobes  of,  ^oo 

lymphatics  of,  loS.  icq,  301 
milk  t>f,  ^oo 
nerves  of.  j^S 

sympathetic,  nt 
nipples  of,  ^oo 
skin  of,  nerves  of,  301 
veins  of.  8^,  o;,  loi 
lobes,  ^oo 

lymphatic  plexus,  tog 
nerves, 


I  Mammary  [lapilla,  30Q 
nerves  of,  301 
region,  30^ 

sympathetic  plexus,  internal,  141 
vein,  83 
Mam  miliary  bodies,  i.^i 

brachia  of,  158 

nuclei  of,  iSB 
line,  A04 

portion  of  b>-pothalamus, 
venous  plexus,  03,  301^ 
Mandibular  articular  veins, 
nerve,  1^5,  201 

posterior  sensory  portion,  toj 
ramus,    marginal,    from  parotid 
plexus,  2q6 
Mantle  of  cerebrum,  rj5 
I  Manubrium  of  malleus,  282 
Manus,  305 

Marchi's  bundle  of  cord,  uh. 

Marginal  bundle  of  cord,  116 

Marshall's  vein,  2a. 
'  Masseteric  artery,  i& 
i      nerve,  202. 
vein,  gOj^ 

;  Mastication,  muscles  of.  nerves  of,  1^ 
'  Masticator  nerves,  202. 
Mastoid  antrum,  zfid 
cells,  jM 
emissary  vein,  82 
ramus  of  occipital  artery,  25 

of  posterior  auricular  artery,  26 
region,  30^ 

wall  of  tympanic  cavity,  28s,  2Sii 
Matrix  of  nail,  302 
Maxillary  artery,  external,  22^  2^ 
internal,  22,  22 
nerve,  iqs,  198 
sympathetic  plexuses,  243 
Meckel's  cavity,  188.  104 
Medial  accessory  divar>'  nucleus.  122 
angle  of  eye,  260 
anterior  malleolar  artery,  2J 
antihrachial  cutaneous  nerve,  12Q 
aperture  of  tcgmcn,  121 
arterioles  of  retina,  25^ 
brachial  cutaneous  nerve,  22a 
circumflex  femoral  artery,  62 
cluneal  nerve,  inferior,  238 
crural  cutaneous  nerves,  2.^1 
dorsal  cutaneous  nerve,  ix^ 
digital  artery  of  fifth  toe,  26 
of  fourth  toe,  2^ 
of  hallux,  24j  2^ 
of  second  toe,  2A 
of  third  toe,  2^ 
nerve  of  hallux,  235 
femoral  circumflex  vein,  ma 
geniculate  body,  is8 
genu  arteries,  63,  jo 
lemniscus,  162.  i7t.  I7ft.  i8j 
lines  of  trunk,  .^04 
longitudinal    fasciculus   of  brain- 
stem, i6o.  184 
of  medulla  oblongata,  121  j 
of  pons,  176.  iH.1  I 
stria-  of  corpus  cailosum,  147,  iJLi  j 
malleolar  retc,  25  I 


Medial  mammary  rami  of  intercostal 
arteries, 
nasal  nerves,  anterior,  107 
olfactory  stria,  14s,  ij6 
palpebral  artery,  32 
commissure,  26^ 
ligament,  221 
plantar  artery,  jjj  21 
digital  arteries,  2Si  2* 
of  fifth  toe,  2^ 
of  fourth  toe,  ^6 
of  hallux,  2^ 
of  second  toe,  2i  25 
of  third  toe  2^ 
nerve,  234 
veins,  joj 
posterior  malleolar  artery,  21 
proper  digital  nerve  of  hallux,  2}£ 
rectus  muscle  of  ev-e,  264 
sphenoidal  nerves,  202. 
sural  cutaneous  nerve,  2^4 
tarsal  arteries,  2i 
Median  antihrachial  vein, 
artery'  of  forearm,  48 
basilic  vein,  <)4 
cephalic  vein, 
cubital  vein,  94 

fissure  of  corof^  anterior,  1 n?. 
162 

rhombotdal  fossa,  120 
ncr\-e,  220.  iii 

sulcus  of  spinal  cord,  1 1  i6g 

win  of  neck.  02 
Mediastinal  arteries.  32;  il 

rami  of  thoracic  aorta,  £3 

\'eins,  anterior,  83 
Medulla  oblongata,  114.  131,  132,  1  ts. 
162 

acoustic  area  of,  17s 

arcuate  fibers  of,  172,  173,  174 

dava  of,  i6o 

development.  125 

fiber-tracts  of.  172 

foramen  cKcum  ol,  iliS 

medullary  stric  of,  17s 

nuclei  of,  122 

oliex  of,  i6g 

olive  of,  160 

pyramidaTaecusaation  of,  16& 

pyramids  of,  i68.  fi3,  174 

raphe  of,  17^ 

reticular  substance  of,  174 

veins  of,  88 
Medullary  body  of  cerebellum,  165 

of  vermis,  167 
canal,  12^ 

development,  302 

embryonic,  ^o6 
cavity,  embryonic,  12^ 
lamina,  epitbeliai,  ij_3 

of  cerebellum,  164.  165 

of  thalamus,  i£2 
ma^s,  u& 
plate,  12^ 

stria*  of  medulla  oblongata,  125 
of  rhombotdal  fossa,  170,  187 
of  thalamus,  158 

substance  of  cerebellum,  183 
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Medullary  substance  of  vermis,  1^5 
velum,  anterior,  i.^s,  iSil 
development,  us 
frenulum  of,  160.  ibi 
posterior,  i6s.  171 
Meibomian  glands,  272,  300 
Meningeal  arteries,  iqa 
anterior,  28^  ^ 
»•  middle,  2& 

posterior,  n,  zS 
ner\-e,  108 

ramus  of  occipital  artery,  1^  ifi 
of  vagus  nerve,  20& 
of  vertebral  artery,  36 
sympathetic  plexus,  242 
veins,  Sg,  aii  'Q^ 
Meninges,    spinal,    i2v    See  also 

Spinal  meniHgfs. 
Mental  artery,  ji. 
nerve.  204 

Mesencephalic  ramus  of  trigeminal 
nt•r^•e,  |8£ 
sulcus,  lateral, 
Mesencephalon,  1 24.  1  >() 
Mesenchyme,  .^07 

Mesenteiic  arteries,  inferior,  58 
sujjcrior,  njj 

ganglion,  superior,  2.15 

lymphatics,  log 

sympathetic  plexuses,  245,  2^6 

vein,  2^  g8 
Mesoblasl,  to; 

Mesocolic  lymphatic  nodes,  loq 
Mesoderm,  .^07 
Mcsoflcrmic  somites,  W7.  ,Jo8 
Mesogastric  region,  304 
Metacarpal  arterii%  dorsal,  ^  50 
volar,  5J 
veins, 
Metacarpus,  305^ 

Metatarsal  arteries,  dorsal,  lAx  l£i 
plantar, 
veins,  dorsalt  Loa 
plantar,  loj 
Metatarsus,  ^o6 
Metathalamus,  is8 
Metenrephalon.  1 3\,  ifi\ 
MexTirrt's  bundle, 
commissure,  1  >s 
Mid-brain, 

fle.xurc,  125 
Middle  carffiac  nprw,  2^ 
cardiac  vein, 
cerebral  artery,  ^ 

veins,  fifi 
colic  artery,  £2 

vein,  q6 
collaleralartery,  .14 
cutaneous  nerve,  a^i 
ear,  285 

development.  2q4 
hemorrhoidal  artery,  6j 
nerves,  2_j2 

sympalhclir  plexus,  246 
^•ein,  lor 
meningeal  artery,  a& 
veins,  21 
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Middle  palatine  nerve,  aoi 

sacral  artery,  fm 
vein,  uia. 

superior  alveolar  nerve,  iqq 

supraclavicular  nerves,  215 

suprarenal  arteries,  58 

temporal  artery,  22 
vein,  01 

tunic  ofcye,  250 
Milk,  human,  ,^oo 

Minor  cavernous  symp<athetic  nerve 
of  clitoris,  tit 
of  penis,  1^ 

forceps  of  corpus  callosum,  1^ 
Mixed  nerves,  ijj 
Modiolus,  2&I 

base  of,  afii 

cochlear  area  of,  2&1 

lamina  of,  282,  28.; 

longitudinal  canaTs  of,  a&2 

spiral  canal  of,  2&2. 

veins  of,  spiral,  285 
Monakow's  tract.  llE 
Mons  pubis,  305 

h-mphatics  of,  iii 
nerves  of,  2,^0 
Montgomery's  glands,  ^00 
Monticulus  of  wrmis,  lifi 
Muscles,  development,  ^©2 
Xfusculorutaneous  nerve  of  arm,  22a. 

Musculophrenic  artery,  33 

vein,  8j 
Musculospiral  nerve,  22.^ 
Myclencephalon,  tzs,  167 
Myenteric  nerwus  plexus,  21A. 

sympathetic  plexus,  245 
Mylohyoid  nerve,  204 

ramus  of  inferior  alveolar  artery,  22 
Myotomes,  .^07 


Nai1-S,  302 

bodicsof,  302 

development,  302 

lunula  of.  302 

margins  of.  ^02 

matrices  of,  ^02 

roots  of,  ^02 

walls  of,  \Ql 
N'asal  arterioles  of  retina,  2'4 

artery,  anterior  lateral,  32 
posterior  external,  30 

cavity,  nerves  of,  2DQ 

nerws,  IQ7,  iqq 

nerxijus  rami,  ig?,  iqq 

rami  of  sphenopalalme  ganglion, 

region,  _joj 

septum,  anterior  artery  of,  32 
|)ostcrior  artery  of,  30 

surface  of  eye,  249 

veins,  go 
Nasociliary  nerve,  107 
Nasofrontal  vein,  821  00 
Nasolachrymal  «luct,  267,  260 
Nasopalatine  nerve,  2aa 
Neck,  arteries  <jf,  20.  21,  2S.  t.^ 


Neck  flexure  of  cerebral  canal,  135 
lymphatics  of,  106.  10& 
nerves  of,  lu 

of  posterior  column  of  cord,  120 
regions  of,  302,  303 
true,  303 

veins  oTTSi  841  21 
I  subcutaneous, 
superficial,  £1 
I  Nerves,  abducens,  13;,  132,  i86.  1Q4 
nucleus  of,  17s 
accessory,  i6q,  187,  21 1 
acoustic,  132^  162,  i6q,  i2Si 

187.  28^^.  See  also  A  udikiry  nervr. 
alveolar,  inferior,  204 

superior,  iqq 
ampullar)',  284 
anococcygeal,  220,  2^8 
antibrachial  cutaneous,  dorsal,  22^ 
lateral,  aza 
medial.  2^ 
radial,  ^tq 
interosseous,  221 
auditory,  1  ^i,  ijj2,  167,  160,  175. 

187,  28^.  See  also  A  udilory  nrnr. 
auricular,  2q7 
great,  lu 
posterior,  205 
auriculotemporal,  203,  20;.  207 
axillary,  21Q 

brachial  cutaneous,  lateral,  21Q 

medial,  220 
buccinator,  ma 
cardiac,  2^ 
caroticotympanic,  294 

inferior,  242 

superior,  242 
carotid,  2Jo.  2a  1 
ca\-ernous,  of  clilorisi.  246 

of  penis,  2^ 
centrifugal,  113 
centripetal,  123 

cerebral,  1 1.^,  130,  102.    See  also 

Cranial  Hfrvet. 
cervical,    21.^.    See  also  Cenical 

nmxs. 

chorda  tympani,  20  ^,  204.  2g4 
ciliary  ip?,  ipS,  2^ 

pngHon,  132 

long,  107 

short,  iq8 
circumflex,  219 
cluneal,  22Q,  2n 

inferior  nic-^uu,  238 
coccygeal,  121.  tj8 
cochlear,  17^,  187.  28.^  284 
communicans  poplitei.  2t4 
cranial,    no.    Sec    also  Cranial 

nmvs. 
cTural,  anterior,  231 

cutaneous,  medial,  2.^1 

interosseous, 
dental  plexus,  inferior,  204 
deprevsor,  ?oo 
digital.    See  Digital  ncri'ts. 
dorsal  cutaneous,  23^ 

of  clitoris,  2^7,  2.^8 

of  {K-nis,  2t7.  238 
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Ncrvn,  eighth  rranial,  iRj 
eleventh  craiuAl,  187,  21A 
ethmoidal, 

facial,  1^        i62i  163,  186,  jo^ 

324 

area  of,  jSj 
internal  genu  of,  125 
nucleus  of,  i7!t 
roots  of,  125 
femoral, 

cutaneous,  lateral,  tjo 
posterior,  333 
fifth  cranial,  iKs,  194 
first  ramus,  iq!>,  196 
second  ramus,  iqs,  iqS 
third  ramus,  iqs,  201 
first  cranial,  iBi. 
fourth  cranial,  185,  193 
frontal,  106 
genitucTural,  ^^o 
genitofemoral,  ito 
g]ossopharyngean~  i6q,  187. 

202 

gluteal,  232 

hcmorrhaadal,  inferior,  £^8 

middle,  121 

superior,  246 
h.vpoglo«&iil,  ixi,  1 88.  Ji  1 

trigone  of,  iHH 
iliohypogastric,  j_jo 
ilio-ingumal,  230 

inframaxillary  recurrent,  Arnold's, 

infra-orbital,  198 
infratrochlcar,  197 
intercostal,  jj<> 
intercoslobrachial,  »?S 
intermediate,  187,  205 
intermedius,  ij2 
internal  cutaneous,  220.  231 
interosseous,  crural,  234 

dorsal,  224 

posterior,  22j 

volar,  22J. 
jugular,  2fiS»  2^ 
labial,  anterior,  230 

posterior,  2j8 
lachr)'ma],  io6.  269 
laryngeal,  aoq,  tip 
lateral   cutaneous,   of  dorsum  of 
foot,  234 

plantar,  23s 
lingual,  joji  204 

communicating  rami,  204 
lumbar,  328 
lumbo-inguinal,  231 
lumbosacral  trunk,  2£q 
mammary,  2J& 
mandibular,  10^,  loi 

posterior  wnsory  portion,  20^ 
masseteric,  202. 
masticator,  202 
maxillary,  19s,  198 
metlian,  220.  221 
meningeal,  1^ 
mental,  20A 
middle  cutaneous,  2^ 
mixed,  113 


Nerves,  musculocutaneous,  of  arm,  22a 

of  leg,  Jji 
musculospiral,  123 
mylohyoid,  204 
nasal,  iQii 
nasociliary-,  197 
nasopalatine,  loa 
obturator,  2J2 
occipital,  great,  21a 

lesser,  214 

third, 

cxrulomotor,  131,  134,  184.  193 

nucleus  of,  If2 

sulcus  of, 
of  abdomen,  21I 
of  abdominal  wall,  312 
of  anus,  338 
of  arm,  219,  220.  223 

muscles,  22s 
of  auricle,  222 
of  back,  22ii 
of  bladder,  2^ 

sympathetic,  ^6 
of  breast,  Z2& 

sympathetic,  342 
of  bronchi,  210 

of  buccal  mucous  membrane,  202 

of  capsule  of  hip-joint,  2J2 

of  chin,  20a 

of  ciliarv  muscle, 

of  clitons,  2.^7,  338 

sympathetic,  240 
of  coccyx,  229,  238 
of  conjuncUva,  224 
of  cornea,  2^ 
■if  cubital  fossa,  33^ 
of  descending  colon,  sympathetic, 

246 

of  diaphragm,  sympathetic,  345 
of  dorsum  of  foot,  234,  33s 

of  hand,  223 
of  ear,  203.  20s,  207.  208.  283,  294, 

30  S.  207 

SNTnpathetic,  243 
of  epiglottis,  302 
of  Eustachian  tube,  202 
of  eye,  2^7,  260.  afix 

muscles,  1^3 

sympathetic,  242 
of  eyeball,  197,  2^7,  260.  261 
of  eyelids,  273 
of  face,  194 

of  fingers,  221.  223.  22s 

of  floor  of  oral  cavity,  20^ 

of  foot,  229,  231,  2.14,  215i  2j6 

muscles,  23ft 
of  forearm  220.  221,  223.  2 a 

muscles,  225 
of  forehead,  196 

of  gall-bladder,  sympathetic,  245 

of  genitalia,  230,  218 

of  glans  penis,  238 

of  gluteal  region,  229,  233 

of  great  t<x',  23  s,  236 

of  gums,  lou.  204 

of  hand,  220.  221,  223 

muscles,  225 
of  hard  palate,  ?n  r 


Nerves  of  head,  »94,  305 
sympathetic,  241.  243 

of  heart,  21a 

sympathetic,  341.  343 

of  heel,  3J4,  ^JS 

of  hips,  330 
muscles,  336 

of  index-fiinger,  222 

of  iris,  2fio 

of  isthmus  of  fauces,  204 
of  kidneys,  ai  1 

sympathetic,  345 
of  labia  majora,  330,  238 
of  lachrymal  glands,  269 
of  larynx,  209,  21Q 

sympathetic,  342 
of  leg,  322,  £lLi  U2i  USi  il* 

muscles,  3^6 

sympathetic,  346 

of  li\XT,  211,  31S 

8ym|>athetic,  345 
of  lower  extremity,  329,  232 

lip,  30i 
of  lung,  ^iQ 
of  mammary  gland,  22& 
sympathetic,  343 

papilla,  301 
of  membranes  of  brain,  122 
of  mons  pubis,  330 
of  muscles  of  mastication,  125 
of  nasal  cavity,  ZOQ 
of  neck,  212 
of  nip|>le,  301 
of  nose,  197,  199 
of  crsophagus,  210.  211 
of  orbit,  2QQ 

of  ovaries,  sympathetic,  24$ 

of  palate,  201.  202. 

of  palm  of  hand,  12J. 

of  pancreas,  sympathetic,  345 

of  parotid  gland,  303,  205 

of  penis,  230,  222±  2i§ 

sympathetic,  2^6 
of  pericardium,  315 
of  perineum,  238 
of  phalanges  01  foot,  234,  235 

of  hand,  221.  223.  225 
of  pharynx,  309 

S)-ni{>athetic,  m 
of  pia  mater  of  brain,  122 
of  prostate,  sympathetic,  3^6 
of  pterygoid  canal,  122 
of  rectum,  232 

sympathetic,  y6 
of  retina,  2^4 
of  scrotum,  230,  331,  23S 

sympathetic,  245 
of  shoulder,  212 

muscles,  22^ 
of  skin  of  face,  2oj 
of  sole  of  foot,  334 
of  s}iermatic  cord,  231 
of  s])henoidal  sinus,  200 
of  spleen.  2JJ. 

sympathetic,  245 
of  stai>rdius  muscle,  289 
of  stomach,  2jj. 

sympathetic,  245 
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Nerves  of  suhlingual  glands,  20^ 
of  submaxillary  gland,  lo^ 
of  suprarcnals,  sympathetic,  145 
of  teeth,  199,  zoo.  J04 
of  tensor  tympani,  a 80 
of  thigh,  t^o,  ijs 

muscles,  J^b 

sympBthellc,  2^ 
of  thorax,  lib, 

sympathetic,  243 
of  thumb, 

of  thjTcoid,  sympathetic,  141 
of  toes,  rjs 
of  tongue,  jo^,  aoj.  io8.  ill 

sympathetic,  142 
of  tonsils,  zfig. 
of  trachea,  21a 
of  tympanic  cavity,  294 

membrane,  20_^ 
of  uftper  lip, 
of  vagina,  22I 
of  vestibuleof  vagina,  2^ 
of  Wrisbcrg,  187,  205 
olfactory,  1^0,  184 
optic,  1^1,  184.  254,  361.    Sec  also 

Opttc  ntrve. 
utic  ^nglion,  221 
palatine,  201 

papillomacular  bundle,  262 
perineal,  238 
peripheral, 

peroneal,  common,  233,  231 

deep,  2.^6 

superficial,  235 
petrosal,  200.  201 

deep,  242 

lesser  superficial,  202 
phrenic,  21s 
plantar,  medial,  2^ 
plexuses.    See  Plrxustt. 
(Kiplitcal,  external,  23s 
pterygoid,  203 
pudendal,  2^2 
radial,  220.  223,  224 
sacral,  2J& 
saphenous,  231 

external,  2^ 

short,  234 
sc  apular,  oorsal,  2lfi 
Scarpa's,  200 
sciatic,  233 
scrotal,  230 

second  cranial,  184,  261.    See  also 

Optic  nmr. 
seventh  cranial,  186.  204 
sixth  cranial,  |S6.  194 
spermatic  external,  2^ 
sphenoidal,  201 
sphenopalatine,  iqS.  199 
spinal,   1 13,   121.   212.    See  also 
Spiiuu  nfrves. 

accessory, 

internal  ramus,  208 
spinous,  zoi 
splanchnic,  243 
subclavian,  219 
sublingual,  204 
submaxillary  ganglion,  203 
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Nerves,  suboccipital,  212 

Subscapular,  21^ 

supraclavicular,  2i_5 

supra-orbilal,  196 

suprascapular,  219 

supratrochlear,  "196 

sural,  lil 

cutaneous,  234,  23^ 

sympathetic,  2.V).    See  also  Sympa- 
thetic nerves. 

temporal,  202. 

tenth  cranial,  187,  207,  208.  See 

also  Vagus  nerve. 
tentorial,  136 
terminations  of,  i_y 
third  cranial,  184.  193 
thoracic,  2jSl.    See  also  Thoracic 

nerves. 
thoraco-dorsal,  212 
tibial,  2ji  336 
to  tensor  tympani,  202 

veli  palatini,  202 
trigeminus,  132,  167,  18s,  194 

descending  root  of,  ih2 
nucleus  of,  IS9 

first  ramus,  195.  196 

second  ramus,  19s,  198 

spinal  tract  of,  122 

third  ramus,  u)^,  2iu. 
trochlear,  1  jj,         1S5,  193 

nucleus  01,  'SO 
twelfth  cranialTi&S.  2X1 
tympanic,  207,  iS^,  294 
ulnar,  220,  222 

collateral,  32^ 
utricular,  28^ 
vaginal,  237 

vagus,  132,  169,  187.  207,  2fifix  See 

also  VaKus  nerve. 
vesical,  inJferior,  252 
vestibular,  iji  187.  383 
lateral,  nucleus  of,  ^84 
nuclei  of,  17s,  187 
Vidian,  igg 
volar  inteross«>us,  221 
zv-gomatic,  1(28 
Nervous  sjTUcm.  lL2 
central,  112.  1 14 

development,  124 
development,  124.  307 
peripheral,  112,  1 13,  192 
sympathetic,  1 13,  238 
Ncrvus  intermedtus,  1  %3 
Neural  canal,  embryonic,  306 

cavity,  embryonic,  306 
Neurolog\',  special,  1 14 
Nidus  avis,  161; 

Ninth  cranLaTTicrve,  132,  187,  207 
Nipple,  300 

arteries  of.  54 

nerves  of,  30  r 
Nodosal  plexus,  2q& 
Nodule  of  vermis,  i6<S 
Nose,  arteries  of,  30.  32 

dorsal  artery  of,  32 

lymphatics  of,  107 

nerves  of,  197,  ipq 
Nostrils,  hair  of,  joi 


Nucha,  303 
Nuchal  tovea,  ^oj 

region,  303 
Nuclei,  atxHistic,  ventral,  187 

ambiguus,  i2j 

arcuate,  174 

Bechterew  s,  182 

cochlear,  dorsal,  £25 

Dciter's.  125^  18^ 

hypothalamic, 

lenticular,  i^S 

of  abducens  nerve,  125 

of  acoustic  nerve,  187 

of  ala  cinerea,  173,  18; 

of  cerebellum,  165 
dentate,  165 
emboliform,  16s 
fastigii,  165 

globosusTioS 
of  cerebral  hemispheres,  t!;2,  153 

nerves,  112.  ij^ 
of  cord,  dorsal,  t  to 
of  cranial  nerves,  18^ 
of  facial  nerve,  125 
of  fasciculus  cuneatus,  i2> 
of  fasciculus  gracilis,  122 
of  geniculate  bodies,  1^8 
of  inferior  colliculus,  i& 
of  lateral  lemniscus,  176 

vestibular  nerve,  i8£ 
of  lens,  255 
of  Luys,  iw 

of  mammluary  bodies,  158 

of  medial  longitudinal  fasciculus. 

LSSi  l5l 
of  medulla  oblongata,  122 

of  oculomotor  nerve,  ijg 

of  optic  thalamus,  152 

of  pons,  i2i  121 

of  tegmentum,  ifiQ 

of  trapezoid  body,  176 

of  trochlear  nerve,  152 

of  vestibular  nerve,  12S 

olivary,  123.  176 


Obex,  ifeg.  '7o 

Oblique  fasciculus  of  pons,  162 

muscles  of  eyeball,  263,  265 

vein  of  left  atrium  of  heart,  jg 
Obliquus  auriculs  muscle,  222 
Obturator  artery,  62 

membrane  of  stapes,  289 

nerve,  232 

ramus  rt'inferior  epigastric  artcrv, 

win,  iflfl 
Occipital  arteri'.  22^^  35 
diploic  vein,  82 
emissary  vein,  82 
g\Ti,  141 

lobe  oTcerebrum,  130,  136,  141 
lymphatic  nodes,  loft 
nerve,  great,  212. 

lesser,  214 

third,  212 
|»oles  of  cerebrum,  133,  136,  141 
portion  of  corona  radiala,  178" 
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Occipital  portion  o(  corpu*  callosutn, 
M7 

rami  of  occipital  artery,  2ii 
of  posterior  auricular  artm-,  26 
nerve,  ioj 

region, 

sinus  ol  dura  mater,  86 
sulcus,  transverse,  ni 
sympathetic  plexus,  343 
veins,  qi 

Orripitotrmporal  ccrebropontile  tract, 

i8i.  lAi 
Occiput,  30J 
Ocular  fissure,  fcetal,  j6? 
Oculomotor  nerve,  131,  1^4,  184.  193 
nucleus  of,  igq 
sulcus  of,  160 
CEsophagcal  chords,  21 1 

nen-ous  plexuses,  zil 

rami  of  inferior  thyreoid  artery, 
of  recurrent  nerve,  1 10 
(Esophagus,  arteries  of.  40,  ^ 

lymphatics  of,  lq6 

nerves  of,  3 to,  zll 

veins  of,  Sj,  2§ 
Olccranal  region,  30s 

rete,  40 
Olfactory  brain,  ijo 

Imlh,  130.  145 

g>Tus,  latcralT  li6 

lobe,  145 

nerve,  130,  184 

organ,  398 

development,  307 

region,  298 

Striar,  I4S.  146.  l&i 

sulcus,  139 

tract,  130,  14s 

trigone,  yOj  1^  1^6 

tubercle,  146 
Olivary  nuclei,  173,  176 

acccssorv,  IJJ^ 
Olive  of  mcJulla  oblongata,  131,  169, 

«73 

Omentum,  great,  arteries  of,  56 

veins  of,  08 
Omoclavicumr  trigone,  303 
0|icrculum, 
Ophthalmic  artery,  rji 

calyculus,  361 

plexus,  243 

veins,  87 

vesicica,  2&3. 
Optic  axis,  147 

chiasma,  154,  1^ 

foramen  ot  chonoid,  zsi 

nerve,  131,  184.  as4.  afii 
coats  of.  261 
development, 

intcrvaginal  spaces  of.  761 
papilla  of,  3<;4,  thi 
cxcax-alion  of,  1^ 
sheaths  of,  261 

supravaf^inLit  5.p,\re  of, 
portion  of  hyiHJth.iliimus,  ! 33,  13s, 

'54 
of  retma, 
radiatiun,  Oratiolet's,  ifia 


Optic  recess,  i^li,  154.  156 
thalamus,  156 

commissure  of,  157 
inicruR-diatc  mass  of,  134,  1^7 
interventricular  foramen  of,  134 
medullary  lamins  of,  1^ 

stria;  of,  15^ 
nuclei  of,  {5- 
lubcrcles  of,  1 S7 
veins  of,  a& 
tracts,  1^  15^ 
vesicle,  primary,  i_£5 
Ora  serrata  of  retina,  352 
Oral  ca\-ity,  floor  of,  nerves  of,  »04 

region,  303 
Orbiculus  ciliaris,  a£i 
Orbit,  adipose  body  of,  142 
arteries  of,  31 

muscles  of,  jbi.  367.    See  also  Eye, 

muscle}  ol- 
nerves  uf,  20a 
periosteal  layer  of,  36^ 
veins  of,  Sj,  go 
Orbital  portion  <3  frontal  lobe,  130 
rami  of  sphenopalatine  ganguon, 

f^fgion,  303 

septum.  307 
Orbitopalpcbral  sulcus,  2^0 
Organ  of  Corti,  377 
Osseous  external  auditory  meatus,  394 

labyrinth,  374,  378 

portion  of  EustacKian  lube,  390 

semicircular  canals,  379-381 
Ossicles,    auditory,    3747    3S7.  Sec 

also  Auditory  osiicUs. 
Ostium  of  Eustachian  tube,  330 
Otic  ganglion,  toi 

sympathetic  root  of,  343 
Otoconia,  37s 
Otoliths,  ' 
Oval  fasciculus  of  cord,  1 18 
Ovarian  artery, 

ramus  of  internal  artery,  6^ 

vein,  2^ 
0>'arie*,  arteries  of,  59,  63 

lymphatics  of,  ixi 

nerves  of,  sympathetic,  345 

veins  of,  99 
Ovum,  fertilized,  307 


Pacchionian  bodies,  130 
Palate,  arteries  of,  32^ 

h-mphatics  of,  102 

nerves  of,  30t.  202 

veins  of,  8^ 

velum  of,  nerves  of,  301.  jei 
Palatine  arch,  arteries  of, 
artery,  ascending,  3^ 

descending,  39 

greater,  39 

lesser,  39 
nerves,  201 

tonsil,  arteries  of,  33,  34.  3g 
vein,  go 
Pallium,  13s 
angle  ofTj^ 


Palm  of  hand,  arteries  of,  ^  ^  £i 
nerves  of,  221 
veins  of, 

Palmar  cutaneous  rami  of  ulnar  D«r\'e, 

ramus  of  median  nerve,  22J 

PalpeVinr.  269.    Sec  also  Eyelids. 
Palp^-bfiil  iirterics,  ^3 

commissures,  369 

ligament,  medial,  32» 

limbi,  370 

rami  of  infra-orbital,  u^g 
of  infratrochlcar,  132 

raphe,  lateral,  321 

regions,  ^oi 

rima,  3(>9 

sebum,  32i 

veins,  90 
Pampiniform  plexus,  99 
Pancreas,  arteries  of,  55^  ^ 

lymphatics  of,  loo,  ua 

nerves  of,  sympathetic,  345 

veins  of,  g6 
Pancreatic  rami  of  splenic  artery,  56 
of  superior  pancreaticoduodenal 
arter>-.  56 
Pancreaticoduodenal  arteries,  56^  £2 

vein,  196 

Pancrcaticosplenic   lymphatic  nod<  s, 
iifi 

Panniculus  adiposus,  390 
Paracentral  lobule,  133,  140.  14  s 
Parasternal  line,  ^04 
Para-umbilical  veins,  99 
Parietal  emissary  veinT^I 
lobe,  130,  13^',  iyi,  lAl 
portion  of  coroiu  raJidU,  jjS 
of  corpus  callosum,  142 
of  operculum,  139 
rami  cm  aUlonunaTaorta,  54,  52 
of  hyix3g,-isiric  artery,  hi 

vein,  ma 
of  inferior  vena  cava, 
of  superficial  temporalartery, 
of  thoracic  aorta,  53 

Paricio-occipital  fissure,  136,  139,  14 1. 
MS 

Parolfactory  area,  134,  14;;,  146 
sulci, 

Parotid  gland,  lymphatics  of,  loj 
nerves  of,  303.  30; 
veins  of,  go,  £1 
plexus,  305 

rami  of  mandibular  nerve,  303 
of  superficial  temporal  artery,  26 
Parotideomasscteric  region,  303 
Pars  c«^ca  retiiuc,  sjj 
Patellar  region,  300^ 

rete,  24 
Pectinate  ligament,  353 
Pectoral  cutaneous  rami  of  intercostal 
nerves,  54,  uS 

lymphatic  nodes,  uiS 

rami  of  thoraco-acTomial  artery,  43 

region.  304 
Peduncles,  cerebellar,  1O5 

cerebral,  iji 


33« 

Peduncles,  cerebral,  base  of,  ifia 
development,  12^ 
of  flocculus,  165 
thalamic,  l&2 
Peduncular  ansa,  1H3 
Pcdunculomammillary  fasciculus, 
Pelvic  floor,  arteries  of,  (n 

viscera,  arteries  of,  hi 
Pelvis,  arteries  of,  in 
lymphatics  of,  1 10,  i_i  1 
nerves  of,  244 
Penis,  arteries  of,  6^^  65^ 
lymphatics  of,  uj. 
nerves  of,  jy,  2.^7,  a 38 

sympathetic,  346 
veins  of,  too,  102 
Perforated   substance   of  cerebrum, 
anterior,  i^i^  r^j 
posterior,  i^i,  Lii 
of  interpeduncular  fossa,  ij^ 
Perforating  arteries  of  han«l,  52 
of  leg,  22 
of  thigh,  6& 
rami  from  internal  mammary  artery, 

W 
vein,  Sj 

veins  of  lower  extremity,  mi 
Pericardiac  rami  of  phrenic  nerve,  2j_s 
of  thoracic  aorta,  £j 

vein,  8^ 
Pericardiacophrenic  artery,  33 
Pericardium,  arteries  of,  .^7,  .%<),  Hi,  S.^ 

lymphatics  of,  ioq^ 

ner%'cs  of,  3i_s 

veins  of,  8j 

vestigial  fold  of, 
Pcrichorioidal  space,  i<ii,  aso 
Perilymphatic  spaces  of  ear,  274,  27s. 

285 

Perineal  artery,  6i 
ncrw, 

rami  of  small  sciatic  nerve,  2ji 

region,  305 
Perineum,  arteries  of,  &i 

lymphatics  of,  iifl 

nerves  of,  i\S 
Periorbita,  262 
Peripheral  nerves,  i_i^ 

nervous  plexuses,  11,^ 
system,  111.  1 1.^,  iqj 

rami  of  cephalic  s^-mpatlietic  nerves, 

<)f  cerncal  sympathetic  nerves,  2^1 
Peroneal  anastomotic  nervous  ramus, 

2ii 
artery, 

nerve,  2jj,  i^S 
deep,  2  t6 
superficial,  2^ 
Pes^  jo6 

Petrosal  ganglion  of  glossupharyngeus, 
207 

impression  of  cerebrum,  136,  141 
nerves,  200.  2QI 
deep,  242 

lesser  superficial,  207 
rami  of  middle  meningeal  artery, 
siniiws  of  dura  mater,  S£i 


INDEX. 

Petrotympanic  ligament,  jSj 
Phalanges  of  foot,  306 

arteries  of,  22,  24.  IS,  2* 

nerves  of,  234,  23  s  * 

regions  of,  ,Vo6 

vems  of,  m2 
of  hand,  305 

arteries  of,  50,  ji 

nerves  of,  221.  223,  22J 

regions  of,  305 

veins  of,  Qt 
Pharyngeal  artery,  ascending,  22^  2^ 
nervous  plexus,  20q 
plexus  &2 
pockets,  308 

rami  of  glosoopliaryngrus,  207 

of  inferior  laryngeal  arlerA',  40 

of  vagus  nerve,  202 
sympathetic  plexus,  ascending,  in 
veins,  83 
Pharynx,  arteries  of,  2^ 
lymphatics  of,  loj 
nerves  of,  209 

sympathetic,  3^ 
veins  of,  8^  ^ 
Phrenic  arteries,  inferior,  ^2 

superior,  ij 
nerve,  21s 

sympathetic  plexus,  245 
\Tins,  inferior, 
superior,  Sj 
Phrenico-abdominal  rami  of  cervical 

plexus,  2_K 
Physiological  excavation  of  retina,  25^ 
Pia  mater  of  brain,  iqi,  192 
blood  vessels  of,  192 

of  COnI,   I  23.  124 

Pial  sheath  of  oj)tic  nerve.  262 
Pigmented  stratum  of  ciliary  body, 

of  iris.  2^  255 
of  retina,  25^ 
Pineal  IkkIv.  134,  1^ 
veins  of,  M' 
recess,  1^  1^  is8 
Pinguecula,  27^ 
Pinna,  2q6.    See  also  Auricle. 
Plantar  arch,  24.  25 
arteries,  22>  2f 
digital  arteries,  22^  "i^  '{b 
nerves,  common,  234, 
veins,  loj 
metatars-Tlarteries,  ^5 

veins,  103 
rami,  deep,  of  dorsal  artery  of  foot, 
2i 

venous  arch,  deep,  10^ 
rcte,  loi 

Plexuses,  lymphatic.  104,  10ft-  Sec 
also  I.ymphalic  plexuses. 
nervous,  brachial,   216.    See  also 
Brachial  nervous  plexus. 
cardiac,  202 

cervical,  214.    See  also  Ceri'icai 
ple.xu.1. 

chcirloidal,  1 13,  127,  i.s».  i.s6,  191 
coccygeal,  229,  238 
coTonar)',  244 


Plexuses,  nervous,  dental,  204 
superior,  100 

gastric,  20.H.  i±i 

Jacobson's,  207 

lumbar,  220 

lumbosacrai,  228,  229 

myenteric,  m 

nodosal,  208 

oesophageal,  211 

peripheral,  113 

pharyngeal,  209 

pudendal,  73t),  237 

pulmonary,  208.  na 

sacral,  229.  232 

tympanic,  207,  294 

anastomotic  rami  to,  205 
s>-mpathetic.       See  Sympathetic 

plexuses. 
venous  hemorrhoidal,  too 

mammillan',  3^,  joi 

of  skull,  82 

pampiniform,  99 

pharynf^eal,  89 

pterygoid, 

thyreoid,  unpaired,  8j 
uterovaginal,  101 
vertebral,  Ba 
vesical,  101 
Pneumatic  cells  of  t>7npanic  cavitv, 
282 

tubar,  of  Eustachian  tube,  287. 
290 

Pollex, 

Pons,         MS,  167 

artcnes  of,  ^7 

basilar  portion  of,  167,  175 
sulcus  of, 

brachia  of,  131,  165 

development,  125 

dorsal  portion  "oT,  167,  17^ 

fiber-tracts  of,  172,  17^ 

flexure  of  cerebral  canal,  125 

lateral  fila  of,  lin 

lemniscus  of,  176 

longitudinal  fasciculi  of,  125 
medial,  176,  184 

nuclei  of,  172,  17s 

obli<)ue  fasciculi  of,  162 

sulci  of,  basilar,  167 

tegmentum  of,  175 

trapezoid  lx>dy  ol7  176 

veins  of.  Si 
Pontine  rami  of  ba^lar  artery,  ?"} 
Popliteal  artery,  664  63 

fossa,  306 

lymphatic  nodes^  1 1 1 
nerx-e,  external,  231; 
sx-mpalhetic  plexus,  2^ 
!      vein,  1 03 
Pores  oi  skin,  299 
Portal  vein,  g6 
I  Porlio  major  of  trigeminal  ner\'e,  i8s, 

minor  ol  trigeminal  nerve,  185,  194 
Posterior  ampuUary  nerve,  284 
auricular  arteric-s,  22i  26^  232 
lymphatic  nodes,  iflD 
I         nerve,  205 


I 
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Poftterior  kurirular  sulcus,  tgz 

sympathetic  plexus,  342 

veins,  £1 
brachial  cutaneous  nerve,  jrj 

ramus  of  vagus  nerve,  tiii 
central  gyrus,  130 
cerebral  artery,  ^ 
chamber  of  eye,  233. 
ciliary  afterics,  ^  2^7 

vein,  87,  2  so 
circumflex  humeral  artery, 
column  of  cord,  1 18.  no 
communicating  artery,  j2 
conjunctival  veins,  82 
coronary  nervous  plexus,  244 
cutaneous    rami    of  intercostal 

arter^c^  5^ 
deep  temporal  artery,  2& 

nerves,  202 
descending  ramus  of  right  coronar}* 

artery,  an 
ethmoidal  artcr>', 

nerve,  132 

vein,  §2 
external  nasal  arteries,  jo 

spinal  veins,  81.  124 
facial  vein,  00 

fasciculus  oTbrachial  plexus,  21^ 
femoral  cutaneous  nerve,  3_\,% 
forceps  of  corpus  callosum, 
funiculus  of  spinal  cord,  1 15,  u& 
gastric  nervous  plexus  21 1 
gray  commissure  of  cord.  1  r8 
horn  of  cord,  118,  120 

bulb  of,  151 
inferior  cerebellar  artery,  36 

nasal    rami    of  sphenopalatine 
ganglion,  200 
intercavernous  sinus,  86 
iniermediate  septum  of  spinal  pia 
mater,  124 

sulcus  of  cord,  11s.  i6q 
interosseous  nerve,  321 
labial  arteries,  6^ 

nerves,  238 

veins,  uq 
lateral  malleolar  arterj-,  Jl 

sulcus  of  spinal  cord,  115 
ligament  of  auditory  ossicles,  28^ 
lobe  of  hypophv-sis  cerebri,  iss 
malleolar  artery,  medial,  jl 

fold,  22J 

median  liuurc  of  rhomboidal  fossa, 
12° 

line  of  trunk,  304 
sulcus  of  cord,  1  is,  160 

mediastinal  lymphatic  nodes,  tog 

medullary  velum,  16s.  171 

meningeal  artery,  2^  2& 

(esophageal  chords,  21A 
plexus,  ill 

palatine  nerw,  201 

palpebral  limbus,  270 

parolfactory  sulci,  134,  146 

parotid  vein,  ot 

perforated  sunstance  of  cerebrum, 

'3'.  LSit  iiifi 
of  interpeduncular  fossa,  134 


Posterior  pole  of  e}-eball,  2A1 
of  lens,  256 
pulmonary  nervous  plexus,  21a 
rami  of  cervical  nrr\'cs,  zii 
of  coccygeal  nerves,  229 
of  great  auricular  nerve,  214.  297 
of  inferior  laryngt-al  niT\  c,  21a 
of  intercostal  arti  rics,  5_j 
of  lumbar  ner\xs,  310 
of  obturator  artery,  02. 
of  sacral  nerves,  220 
of  spinal  nen-es,  122 
of  Sylvian  fissure,  137,  13Q 
of  thoracic  nerves,  2it) 
rece«s  of  cerebrum, 

of  tympanic  membrane,  293 
scrotal  arteries,  64 
nerves,  238 
veins,  ioq 
semicircular  canal,  membranous,  276 

osseous,  zSa 
Sensory    portion    of  mandibular 

nerve,  203 
septum  of  spinal  pia  mater,  12^ 
sinus  of  t>'mpanic  caxity,  2fi& 
spinal  arteries,  _j6,  124 
su|)crior  alveolar  artery,  23 
nerves,  tqq 
dental  artery,  20 
nasal    rami   of  sphenopalatine 
ganglion,  20a 
supraclavicular  nerves,  21^ 
surface  of  cornea,  250 

of  iris,  «2,  2 S3 
temporal  diploic  vein,  87 
thalamic  tubercle,  152. 
thoracic  ner\'es,  217 
tibial  artery,  jo 
recurrent  artery,  23 
veins,  10^ 
tympanic  artery,  26,  2Q4 
vein  of  left  ventricle,  22 
vertebral  venous  plexuses,  &j 
Precentral  sulcus,  139 
Precuneus,  ivj,  145 
Premental  subcutaneous  bursa,  232 
Prepatellar  subcutaneous  bursa,  2^ 
Primary  optic  vesicle,  12s,  2ti2 
Primitive  streak,  302 
Princeps  pollicis,  47 
Processus  Folianus  gracilis,  287 
Profunda  arteries,  44^  4s 
Projection  fibers  of  brain,  178 
Proper  cochlear  artery,  285 
digital  ner\-e  of  fifth  tdeTlateral,  235 

of  hallux,  234 
hepatic  artcr)',  55 
plantar  digital  nerves,  23s 
volar  digital  arteries,  50,  51 
nerves,  221.  222.  223,  225 
vein,  oj 
Prosencephalon,  i2.i.  128,  135 
Prostate,  arteries  of,  63 
lymphatics  of,  110 
nerv'es  of,  sympathetic,  246 
Prussak's  space,  23^ 
I  Psallerium,  i^S 
1  Pterygoid  canal,  artery  of,  23 


Pterygoid  canal,  nerve  of,  ipp.  203 
veins  of,  89 

nervous  plexus,  qi 

rami  of  internal  maxillary  artery,  TCf 
Pubic  hair,  301 

ramus  of  tHTerior  epigastric  arterv, 

of  obttirator  artery,  62 

rcginn.  305 
Pudendal  arteries,  external,  67 
internal,  64 
nerve,  232 

nervous  plexus,  229,  237 

rc^n,  305 

vein,  external,  U2i 
internal,  wa 

venous  plexus,  laa. 
Pulmonary  artery,  i2i  i& 

circulation,  17 

lymphatic  nodes,  to8 

nervous  plexuses,  208,  210 

veins,  28 
Pulvinar,  152 
Pupil,  352 

Pupillary  margin  of  iris,  252 

membrane  of  lens,  263 
PuUmcn, 
Pj-loric  artery,  56 

veins,  38 
PyramidaTdecusaation,  132,  ifiS 

eminence,  2&I1 

fasciculi,  116 

tract  fibers,  178 
of  cord,  Ufa 
PjTamids  of  cerebrum,  132 

of  medulla  oblongata,  168.  172, 174 

of  vermis,  l66 

vestibular,  of  car,  22fl 


Qdadrant.clar  lobule  of  cerebellum, 
164 

Quadrigeminal  thalamus  tract,  llS 


Radiai,  antibrachial  cutaneous  nerve, 
220. 
region,  305 
artery,  4S.  46 
anomalies, 
collateral,  44 
digital  dorui,  ^  50 
of  fifth  finger,  51 
of  fourth  nnger,  s_t 
of  index-finger,  42^  so 
of  third  finger,  50 
of  thumb,  42i  S£ 
volar,  47 
proper,  £1 
recurrent,  ^ 
nerve,  no,  223,  224 
digital  dorsal,  224.  33S 

volar  proper,  of  fifth  finger,  323 
ol  fourth  finger,  Z22 
of  index-finger,  222 
of  third  finger,  222 
of  thumb,  221 

vein,  23 
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Ka(iiali»  indicia,  £i 

Radiation  of  corpus  striatum,  147,  iSi 

tr^mrntal,  lAi 
Radii  of  lens,  256 
Radix  of  hair,  30  r 
Raninc  arch, 

Raphe  of  mcduJIa  oblongata, 
Rcceptaculum  chyli,  loj 
Kecti  muscles  of  eyeball,  3f>^,  ?ft4.  £65 
Ri?ctum,  arteries  of,  ^  61^  6j,  6^ 

lymphatirs  of,  i  to 

nerves  of,  J37 
sympathetic,  746 

veins  of,  g8,  uao 
Rectus  g\Tu~i  ^7 

Recurrent  artery,  interoMcou^  48 
radial,  ife 
tibial,  2i 
ulnar.  .|7 

laryngeal  nerve,  2in 
Red  nucleus  of  tegmeniura,  ifio 
Regions,  ntxlominal,  ,\04 

acromial,  ^os 

anal,  ^05 

antibrachial,  ^os 

auricular,  ^o^ 

axillary,  ,^04 

brachial,  305 

buccal,  loj 

calcaneal,  .^o6 

clavicular,  104 

costal,  304 

coxal,  ^os 

crural,  306 

cubital,  J05 

deltoid,  _jos 

epigastric,  ;o4 

femoral,  ^ob 

frontal, 

gluteal.  ^ 

hyoie),  tot 

hyp<K-honilri,ic,  ^04 

hyp<igaslric.  ^J04,  22S 

infraclavicular,  ^04 

inframatnmury,  ^04 

infra-orbiliil.  303 

infra^  apular,  105 

inguinal  l.iler.-iTr5°5 

intcrsi  iipular, 

labial,  to  ^ 

larvngeal.  ^c; 

iumUir, 

in;ilU"<>lar,  ^o() 

mammary,  ^04 

mastoid,  ^o^ 

mental,  ,to^ 

mc-sogastrii ,  ^04 

nasal,  .^o^ 

nuchal.  J03 

occij)ital,  ^ 

of  anWlr«i.  \of> 

of  arm,  toi; 

of  back,  toJ.  toS 

of  lxj<ly,  no  3 

of  dorsum,  ^o.'.  _J0£ 

of  face,  ;o  ^ 

of  fingers,  ^05 

of  ftH)l,  ^o<> 


Regions  of  forearm,  jo; 
of  band,  305 
of  head,  joj,  ^oj 
of  knee,  .^o6 
of  leg,  J05 

of  loner  extremity,  J05 

of  neck,  302^  303 

of  thigh,  305 

of  thorax,  \oi,  .^04 

of  toes,  30A 

of  trunk.  ^62.  ^04 

of  up|H'r  extremities,  305 

ulecranal,  tos 

oral,  to.t 

orbit.il, 

palpebral,  .^o.; 

parietal,  _^o_^ 

parotideomassetcric,  .^ot 

patellar,  nob 

pectoral,  30^ 

perineal,  335 

pubic,  105 

pudendal,  tos 

retromalle<>lar,  \o6 

sacr.il,  305 

scapular,  305 

sternal,  ^04 

sternocleidomastoid,  303 

subhyoid,  loj 

subinguinaTT^oA 

submaxillary,  ^04 

submental,  to.t 

supraclavicular,  minor,  303 

supra-orbital.  303 

suprascapular.  305 

supr.isternal,  .^o.^ 

sur.al,  to6 

lemi»oral,  ^03 

ihyreoiil.  ^o^ 

trochanteric,  ^Q^.  Jio6 

ulnar,  305 

umbilical,  304 

unguicular,  tos.  306 

urogenital,  toS 

zvgomatie,  tot 
Reissner's  membrane,  £22 
Renal  arteries,  i^i 

rami  of  less^  splanchnic  nerve, 
of  vagus  p-rve,  2 1 1 

sympiithelia  plexus,  J45 

veins, 

Rc-s  "forirn»xly,  16s,  l6q,  174 
Retia,  acrcijiial,  45 
articular,  of  knee.  2A 

of  lower  extremity,  2i 

of  up|)cr  extremity,  ^ 
calcaneal,  ^ 
cubital  articular.  ^ 
dorsal  carpal, 

of  foot,  2^  25 
malleolar,  25 
of  foramen  ovale,  82,  si 
of  hviH'gliissal  canal. 
patellar,  y 
trochanteric.  ^4 
venous,  of  dorsum  of  foot,  isn 
ai  hand,  03 

plantar,  103 


Retia.  venous,  vertebral,  &2. 

vulaT  carpal,  40 
Reticular  formation,  11 1,  110.  i6o.  17; 

processes  of  cord,  ua 

stratum  thalamus, 

substance  of  hip|)o(ampus,  l£i 
of  medulla  ol  longata,  174 
Retina,  15^ 

arteries  of,  j S4-  ?S7 

blind  sjKit  of.  j^4 

cxral  portion,  i'^.t,  35^ 

central  artery  of,  31^ 
fovea  of,  J<;4 
vessels  of,  2tu 

ciliary  portion,  j^n,  »S4 

development,  j6t.  307 

iris  |>ortion  of,  254 

macula  lutca  of.  a';t 

nerves  of,  254 

optic  portion,  2S.t 

ora  serrata  of,  jjj 

physiological  excavation  of,  3S4 

pigmented  la)'er  of,  zjj 

veins  of.  254 
central,  S7 

venules  of,  2S4 

yellow  spot  oTT  £53 
Retinacula  of  cutis,  £<2q 
Retromalloolar  regions,  306 
Retromandibular  fossa,  ^oj 
Rhinencephalon,  i  ts,  i4S 

fiber  tracts  of.  1&2 
Rhombenccphalic  isthmus,  1?;.    1 1>. 

1^ 

Rhombencephalon,  124.  1 1^-  i.to,  liLi 
Rhomboiciil  fossa,  £35 

medullary  stri^^  of,  182 
of  fourth  ventricle,  167,  i6q,  170 
Right  bronchial  arteries,  52 
bronchomediastinal  lymphatic 

trunk,  loL 
colic  arler)-,  52 

vein,  26 
common  carotid  artery,  21 
coronary  artery,  2Si 
gastric  artery,  56^ 
gastro-epi|iloic  artery,  56 

vein,  2^ 
inferior  phrenic  artery,  5^ 
innominate  vein,  83 

development,  22 
internal  spermatic  arter>-,  ;r> 
jugular  lymphatic  trunk,  uAi 
lumbar  arteries,  fa 

lymphatic  trunk,  loj. 
lymphatic  duct,  loft 
middle  suprarenal  artcrx  , 
pulmonary  vein,  28 
pyloric  artcrj',  56 
renal  artery,  58 
suKlavian  artery,  21 
lymphatic  trunk,  lofi. 
Rima  palpebralis.  2<>g 
Ring  finger,  305 
Riolan's  ciliani'  niuvle,  274 
Rolando's  gelatinous  substance.  1  ic 
Roof-plate  of  cerelwal  canal,  1 12 
of  spinal  canal, 
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Root  of  lung,  iK 

zones  of  cord,  i  ift 
Rosenmullcr's  no»lr,  1 1 1 
Rosenthal's  vein, 

Kosiral  lamina  of  corpus  callosum, 
liL  LS5 

Rosirum  of  corpus  callosum,  i.yt,  147 
Round  ligament,  artery  of,  db. 
Rubrospinal  tract, 


Saccular  ampullary  nerw,  aS^. 

Sacculo-ampullary  ramus  of  vestib- 
ular nerve,  284 

Sarculus,  J74.  276 
development,  284 
macula  acusiica  of,  376 
veins  of, 

Sacral  arteries  of,  ds,  til 
lymphatic  nodes,  1 10 

plexuses,  1 10 
nerves,  a  j8 

nervous  plexus,  a>o,  l^i 
region,  ^ 
spinal  nerves,  m. 
sympathetic  ganglia,  ?4o.  ^44 
veins,  icq 
venous  plexus,  ma. 
Sagittal  sinuses  of  dura  mater,  8£ 
Santorini,  riotchcs  of,  2Q2 
Saphenous  artery,  63 
nerve,  ijt 
extcrnaT,  234 
short,  m 
veins,  tea.  103 
Scala,  tympanic,  ?76,  3&1 

vestibular,  nt> 
Scapha  of  auricle,  3q6 
eminence  of,  jq? 
Scapular  artery,  circumflex,  42 
dorsal,  4.^ 

transverse,  jQi  42i  U 
line,  .^04 
region,  305 
vein,  circumflex, 
transverse,  02 
Sea  pus,  ^ot 
Scarf-skin,  agS 
Scirpa's  nerve,  222 
Schlemm's  canal,  249 
5?chullzc's  bundle,  1 18 
Sciatic  artery,  6^ 

nerve,  ijj 
Scler.1,  249 

lamina  cribrosa  of,  249 
fusca  of,  249 
Scleral  sulcus,  249 

venous  sinus,  249,  253 
Scribiculus  cordis,  ;04 
Scrotum,  arteries  of,  64 
anti-rior,  67 
posterior,  6^ 
lymphatics  uf,  111 
ncr^'e»  of.  2^0,  j  ^  1 ,  238 

sympalhetir,  245 
veins  of,  100.  102 
5>eljateous  glands,  299,  .^00 
Sebum,  cutaneous,  ^oo 


I  .Second  crani.al  nerve,  i .^i,  184. 
j         Sec  also  O^ic  nerve. 

dorsal  mctacar]>al  artery,  50 
ophthalmic  vesicle,  i&i 
volar  metacarpal  artery,  s_i 
Sella,  diaphragm  of,  iM 
Semicanal  of  tensor  tvmpani  mus«-le. 

Semicircular  canals,  arteries  of,  38^ 
development,  284 
membranous,  274,  375,  279 
osseous,  270-281 
j         Veins  of,  285 

j  Semilunar  fol<l  of  conjunctiva,  272,  27 ^ 
!      ganglion  of  trigeminal  nerve,  185, 
tjn 

lobules  of  cerebellum,  164 
Seminal  vesicles,  arteries  of,  63 

lymphatics  of,  iiq 
Semi-o^-al  center  of  cerebrum,  147,  IS2 
Sense  organs,  247 
Sensory  ccrebelSr  tracts,  iRj^ 
skin  areas  of  lower  extremity,  252 
of  upper  extremity,  225 
Septum,  nasal,  anterior  artery  of,  ^ 
posterior  artery  of,  jo 
orbital,  267 
pellucidum,  t.^s.  149 
cavity  of,  i.^.;.  134.  140 
laminar  of,  i.u,  14Q 
vein  of,  S& 
subarachnoid,  1 24 
Seventh  cranial  nerves,  i.^i,  i.^2,  186. 
204 

Sheaths  of  optic  nerve,  TiLi 
Short  ciliary  arteries,  31 ,  2_S7 
nerves,  197,  198,  "SSs 

gastric  arteries.  ^6 
veins,  98 

saphenous  nerve,  2,^4 
Shoulder,  arteries  of,  ^  .jo,  42^  43 

lymphatics  of,  lai 

muscles,  nerves  of,  22£ 

nerves  of,  219,  225 

sensory  skin  areas  of,  22s 

veins  of,  92 
Shrapncll's  membrane,  iQt 
Sigmoid  arteries,  5H 

lymphatics  of,  11 1 

veins,  qK 
Sinciput,  30J 

Singular  foramen  of  internal  auditory 

meatus,  28^ 
Sinuvs,  aortic,  13 

lactiferous,  too 

(rf  dura  mater.  85,  86.  iM 

of  \'alsalN'a,  ig 

reuniens,  2^ 

scleral  venous,  249,  2S9 

tympanic,  ?8ft 
Sixth  cranial  nerve,  ni.  i  t 2,  186.  194 
Skeleton,  de\'el<>pment,  to 7,  to8 
Skin.  2oS 

appendages  of,  299 

development,  to? 

glands  of,  209 

layers  of,  joS 

of  face,  nerves  of,  2ot 


Skin,  pores  of,  290 

scarf,  298 

tone,  tqS 
Small  caralac  vein,  73^  So 

saphenous  vein,  103 

sciatic  nerve.  2VJ 
9ioU  commissure  01  optic  thalamus,  1S7 

t)alalc,  arteries  of,  29 
c  of  ftiot,  arteries  M,  70,  jij,  ^6 
nerves  of,  2.t4 
veins  of,  loj 
Solitary  fasciculus, 
nerve  tract,  i7.t,  187 
nucleus  of,  17  j,  187 
Sfjeech,  motor  c«>rtical  center  for,  ijg 
Spermatic  arteries^  external,  6& 
internal,  icj^  53 
cord,  lymphatics  of,  1 11 
nerves  of,  i^l 
veins  of,  99 
sympathetic  plexus,  245 
Sphenoidal  nerves,  aoi 
sinus,  nerves  of,  200 
Sphenopalatine  artery,  jo 
ganglion,  103 
nerves,  198.  19Q 
vein,  31 

Sphcno|iarietal  sinus  of  dura  mater.  86 
Spherical  recess  of  ear,  279 
Sphincter  pupillsr,  253 
Spinal   acoustic   root  of  veslilmlar 

ner\T,  iSj 
arteries,  to 
cord,  112.  f 14 

arachnoid  of,  123 

arteries  of,  j  2^ 

central  caital  of,  1 1  s,  iiA 

cervical  portion, 

columns  of.    Sec  also  Columns 
0}  s^nal  card. 

commissures  of,  ll& 

common  tract  of,  1  iS 

cross-sections  of.  1 70 

denticulate  ligament  of,  124 

development,  1 28 

diameter  of,  114 

divisions  of, 

dura  mater  of.  i2j 

epidural  c.n\nty  of,  1 2t 

fasciculi  of.  Sec  also  Fas- 

ciculi oj  spinal  cord. 

fissures  of,  1 15,  it2 

funiculi  of,  1 1  c.    See  also  I-'unic- 
uli  of  spinal  cord. 

Gower's  trait  of,  1 16 

gray  columns  of, 
commissures  of,  1 18 
substance  of,  1 12.  1 18 

horns  of,  1 18.  l2Q 

lumbar  portion,  114 

Marchi's  bundle  of,  1 16 

Monakow's  tract  of.  j  iS 

pia  mater  of,  1 2,t,  124 

pyranii(l.il  tractoi,  j  \ii 

retii  ular  formation  of,  2.20 
pr<H  esses  of,  ijc 

root  filaments  of,  anterior,  iia 
[xislerior.  ua 
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Spinal  cord,  root  zones  of, 

stutpe  of,  iiK 

subkrachnoia  cavity  of, 
septum  of,  12^ 

subdural  c-avity  of,  12^ 

sulci  of,  ii;;,  i6q 

thoracic  portion,  i±± 

uppvr  portion,  arteries  of,  ^  ^ 

veins  of,  m 

ventral  area  of,  1  iS 

ventricles  of,  terminal,  ii& 

white  commissures  of,  uA 
substance  of,  lu.  no 
gan^ia,  l22 
meninges,  ijj 
nerves,  113.  t2j.  211 

accessory,  132 

internal  rami,  2^ 

ansie  of,  131,  112 

cervical,  i  Ji.  211 

coccygeal,  ui,  iiS 

xanglia  of,  113 

Uimiiar,  iti,  22& 

rami  of,  lu 

roots  of,  131.  122 

sacral,  m.  zjfi 

thoracic,  lai, 
nucleus  of  vestibular  nerve,  182 
rami  of  ascending  cervical  artery, 

of  intercostal  arteries,  £3 
of  veins,  &2 

of  lateral  sacral  arteries,  ^ 

of  vertebral  artery,  ^ 
tract  of  trigeminus  nerve,  I7J.  iM 
veins,  ij^ 

external,  Si 

internal,  &2 
Spinous  nerve,  221 
Spiral  canal  of  cochlea,  2&I 

of  modiolus,  aHi 
foraminous  tract  of  cochlea,  2&1 
ganglion  of  cochlea,  187,  28.1 
lamma,  membranous,  277 

modiolus,  hamulus  of.  282 
ligament,  277 
limbus,  £22 

membrane  of  cochlear  canal,  sec- 
ondary, 2&I 

organ  of  car,  277 

vein  of  modio[u»[  285 
Splanchnic  ganglion,  243 

nerves,  243 
Spleen,  arteries  of,  55^  j6 

development,  .^07 

lymphatics  of,  Lia. 

nerves  of,  2x1 
sympathetic,  245 

veins  of,  g6j 
Splenic  artery,  $5 

rami  of  vagus  nerve,  21s 

sympathetic  plexus,  345 

vein,  28 

Splenium  of  corpus  callosum,  13^,  147 
Stapedial  artery,  jii 
fold,  203 

rami  of  facial  nerve,  205 
Stapedius  muscle,  289 
nerves  of,  289 


Stop««,  282,  2M 

articulations  of,  aBJt 

basal  ligament  of,  3S& 

development,  28Q,  308 

muscles  of,  280 

obturator  membrane  of,  289 
Sternal  line,  304 

lymphatic  nodes,  log 

rami  of  internal  mammary  artery,  33 
vein,  8^ 

region,  304 
Sternocleidomastoid  artery,  m,  13 

ramus  of  superior  thyreolu  artery, 
S3 

region,  303 
vein, 

Stomach,  arteries  of,  55,  56 

coronary  vein  of,  gS*^ 

lymphatics  of,  109,  i  la 

nerves  of,  m 
sympathetic,  245 

veins  of,  q6,  08 
Straight  sinus  otBura  mater,  85 
Stratum,  central  gray,  isq.  172 

of  lemniscus,  intcrolivary,  i2± 

of  superior  culliculus,  gray,  itxi 

white,  deep, 

zonale,  i^^.  ifil 
Striae,  acoustic,  120 

malleolar,  292 

of  corpus  callosum,  147,  iSa 

of  medulla  oblongata,  t2i 

of  rhomboidal  fossa,  170,  187 

of  thalamus,  t  .sS 

olfactory,  lateral,  1&2. 

tect«,  147 

tcrminalis,  iso,  iS7 
Stroma  of  iris,  253 

vitreous,  256 
Stylohyoid  ramus  of  facial  nerve,  20  s 
Styloid  process,  development.  .^08 

prominence  of  tympanic  cavity,  287 
Stylomastoid  artery,  2& 

vein,  c^i 

Stylopharyngeal    ramus    of  glosso- 

pharyngcus,  207 
Suoarachnoid  cavity  of  cord,  123 

cistern,  190 

septum,  1 24 
Subcallosal  g>Tus  of  cerebrum,  14;. 

146 

SulKardinal  veins,  devTlopment,  22 
Subclavian  ansa,  241 
artery,  3^ 

anastomoses  M-ith  axillary,  £3 
left,  i^,  2a 
proximal  |)ortion,  12 
right,  ii 
lymphatic  trunks,  laiL 
ner^-e,  219 

sympatlietic  plexus,  242 
vein,  92 

development,  27 
:  SulKlavicular  lynipnatic  nodes,  ifiS 
Subdural  cavity,  123,  189 
Subfrontal  portion  of  sulcus  cinguli, 

Subhyoid  region,  303 


Subiculum  of  promontory  of  tympanic 

cavity,  t&L 
Subinguinal  region,  30ft 
Subjacent  basilar  artery,  36 
Sublingual  artery,  23 

glands,  nerves  of,  204 
veins  of,  8^ 

nerve,  20^ 

vein,  8g 
Submaxillarv  ganglion,  203 
sympathetic  root,  242 

gland,  nerves  of,  joj 
veins  of,  89 

lymphatic  nodes,  107 

nervous  rami,  204 

region,  304 
Submental  artery,  2^ 

lymphatic  nodes,  107 

re^on,  ^ 

vein,  22 

Submucous  sympathetic  plexus,  245 
Suboccipital  nerve,  212. 
Subparietal  sulcus,  144 
Subscapular  artery,  ^Tj  43 

lymphatic  nodes,  uafi 

nerves,  219 

rami  of  axillary  artery,  4^ 

veins.  ^ 
Substantia  nigra,  'ft" 

propria  of  cornea,  250 
Subthalamic  region  of  internal  cap- 
sule, IS4 
Sudoriferous  glands,  299 
Sulci,  ampullary,  of  ear,  276 

auricular,  posterior,  297 

basilar,  of  pons,  iji 

cinguli,  1J3 

crudatus,  139 

interpat  ietaL  1 40.  141 

limiting,  of  cerebral  canal,  127 

mesencephalic,  lateral,  tfto 

occipital,  transverse, 

of  Cerebellum,  horizontal,  164 

of  cerebrum,  rj^ 
central,  i^fi.  ijy 
circular,  145 
frontal,  132 

hypothalamic,  13^  tS>.  iS7 

intermediate,  iso 

interparietal,  140.  i4i 

occipital,  transverse,  i£! 

parolfactory,  134,  146 

pecentral,  13^ 

keil's,  14S 

temporiir  14.^ 
of  corium,  298 
of  corpus  callosum,  143 
of  helix,  222 
of  insula,  145 
of  matrix  Miiail,  302. 
of  medulla  oblongata,  163 
of  Monro,  155^  152 
of  occipital  lobe,  1^ 
of  oculomotor  nerve,  ifift 
of  parietal  lobe  of  cerebrum,  ijg 
of  pons,  basilar,  162 
of  proroontor}-  o(~tytnpanic  cavity, 
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Suiri  (if  Ri.il, 

of  rh<>m}x>i<l,il  fossa,  1 70 
of  s|>inal  coni,  1 1 5,  ifv) 
of  icnijioral  IoIh-,  ijj 
olfactory,  1  >i> 
orbito|).il()ctiraI,  ijo 
prcccntral,  ijg 
si  lrr.il,  349 
suhparirlal,  1  jj 
iransvcrsf,  of  anthelix,  iij; 
lympanii,  j(>i 
SiilfomarRin.Til    fast  irulus   of  *i<in.il 

rord,  I  ih 
Sii]KTrilia,  2-0.  \oi 
Su|)crti(ial  antiToIati-ral  fasciculus  dI 
cord,  1 16 
cervical  artery,  ^ 

vein,"  Qt 
circumflex  iliac  artery,  62 

vein,  10? 
epigastric  artery,  62 

veit),  ii22 
lymphatic  ncKles  107.  111 

vcss*'!!;,  loj 
pcrorjcal  nerve,  j  ^5 
|)etr<»al  nerve,  greater,  2ea 
Ic-sser,  ;oi.  20 ' 
ramus  of  middle  meningeal  arterv. 

rami  of  femoral  vein,  iflt 

of  lateral  plantar  nerve,  1^5 

of    medial    rirrumllex  femoral 
artery, 
plantar  artery, 

of  radial  nerve,  m,  72i 
teinjKtral  artery.  12^  iti^  Jtj7 

rami  of  mandilmlar  nerve,  io  ^ 

sympathetic  plexus,  242 
venous  arches  of  up|>cr  extremity,  2J 
volar  arch,  ^  ^H,  ^  s_i 

ramus  of  radial  artery,  ^ 
of  ulnar  nerve. 
Superior  ,ilvcoI.\r  arteries,  23 

nerves,  H)<) 
ampullary  nerve,  jSj 
brachium  (juadrtKeminum,  160 
bulb  of  internal  jugular  x-ein, 
cardiac  nerve.  2^1 

rami  of  vagus  nerve,  joq 
caroticotympanic  nerve,  242 
cervical  sympathetic  ganglion,  ?  ^q, 

jjo.  241 
cluneal  nerves,  3  2q 
colliculus  of  lamina  ((uadrigemina, 

159 

ixmimlssure  of  tul>er  cinereum,  I5> 
conjunctiN-al  fornix,  J7< 
cribriform  macula,  222 
deep  ccrxical  lymphatic  nudes,  102 
d<'nt;il  arteries, 

nervous  plexus,  too 
epigastric  artery,  ^ 

vein, 

exiernal'articular  artery  of  knee,  ftjj 
fovea  of  rhomlKiidal  fos&a,  170 
frontal  gyxus.  1^ 

sulcus,  i_j2 
ganglion  of  glossopharyngcus,  207 

III— aa 
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Superior  gastric  lymphatic  nodes,  iia 
sym|)athetic  plexus  ?45 
gluteal  artery,  (12 
nerve,  £JJ 
vein,  LQQ 
hemorrhoidal  artery,  58 
nerves,  Jj6 

sympathetic  plexus,  246 

vein,  ^8.  too 
interi  osiiiTartery,  ^ 
internal  artii  ular  artery  of  knee,  (kj 
labial  artery,  2S 

nervous  rami,  iqi) 

vein,  Qo 
lachrymaT  gland,  267,  26q 

pa]>illa,  2tiii 

(uinctum,  36.S,  2U) 
laryngeal  artery,  2^ 

nerve,  20Q 

vein,  8<j 

lateral  nasal  rami  of  sphenopala- 
tine ganglion.  iH»sterior.  laa 
ligament  of  auditory  ossicle*,  280 
m.tcular  arterioles,  2S4 
medial  na&al  rami  of  sphcnop,ilatinc 

ganglion,  200. 
mesenteric  artery,  iji^  ^ 
ganglion,  245 
sympathetic  plexus  245 
j        vein,  2^ 
)      musculojifirenic  vein.  S_j 
I      nasil  .arteriole  of  relin.i.  2^4 
nucleus  of  vestibular  nerve,  187 
nutrient  artery  of  femur.  tiH 
oblicjue  niu5<  le  of  eye,  J(>s 
occipital  gyrus,  i^i 
olivary  nucleus,  1 76 
ophthalmic  vein,  87 
,      i>alpfl>ral  ramus  of  infralrochlear, 

j  lai 

pancTealico<luodcnal  artery,  56 
parietal  lobule,  ijJ. 
(x'trosal  sinus  of  dura  mater,  M. 
phrenic  arteries,  5_j 

veins,  H_j 
portion  of  rhomlioidal  fossa,  i_20 
profunda  artery,  ii 
rami  of  cutaneous  ct-rvical  nerve, 
214 

of  c>culomotor  nerve,  tp^ 
recess  of  tvmpanic  membrane,  20 ^ 
r«-ctus  muscle  of  eye,  264 
sagitt.-il  sinus  of  dura  mater,  8? 
semicircular    canal,  membranous. 
276 
osseous,  270 
Semilunar  lobule  of  cerelicllum,  i6j 
suprarenal  arteries,  s<) 
tarsal  arches  of  eyelid.  27  ^ 

i artery,  3_2 
muscles  of  u«-elids,  272 
!      trmjjoral  arteriole  of  retma,  2^4 
gyrus,  142 
sulcus,  14J 
thoracic  artery,  j2 
thyrc-oid  artery.  23 

sympathetic  plexus,  24a 
i  veins, 


m 

'  Superior  tym]vanic  artery,  iS^  23^ 

ulnar  collateral  artery, 
I     \ena  cava,  ^S,  Sq 

vermis,  165 
!     vestibular  area  of  internal  auditory 
!        meatus,  28.^ 
Supratardinal  veins  development,  £8 
Suprai  horioid.il  lamina,  2;  t 
;  Supr.->cla\Tcular  fossa,  303 
I      nerves  21s 
I      region,  minor.  30 ^ 

Supraitiarginal  gyrus,  ry 
I  Supra-orbital  artery,  _jt 

nerve,  10^ 
I  region,  ^ 
I      vein,  22 

Sujirajiineal  re<ess,  1  s6,  H' 
I  Suprarenal  arteries,  iq.  ys,  5S, 
!      lymphatics  of,  1 11 

nerves  sympathetic,  24^ 
sympathetic  plexus,  24J 
veins,  ije^ 
Supniscapular  artery,  jQ, 
nerve,  2_i2 
region,  305 
Suprasternal  region,  303 
,  Supratragic  tulH-n  le,  2c)6 
Supratrochlear  ner\e,  iQft 
I  Supravaginal  space  of  opiic  nerve,  2I1Z 

Supreme  intercostal  vein, 
,  Sural  arteries  2°. 

cutaneous  nerve,  234,  235 
nerve.  2^  IJ5 
region,  JOO 
Sylvian  atjuoiluct.  134,  ISO 
fissure,  130 
I         rami  oITlH,  li2 
I      fossa,  130,  I  ^6 
'  Sympathetic' ganglia,  cardiac,  243 
nirotid.  242 
lervical,  230,  240,  241 
coccygeal,  240.  244 
cceliac,  245 
lumtsir,  240.  244 
mesenteric,  245 
sacral,  240.  244 
splanchnic,  243 
thoracic,  240,  24J 
'      nerves,  2^ 

alidonunai,  244 
cephalic,  240 

peripheral  rami,  2J2 
cervical,  240 

peripheral  rami,  3^ 
of  clitoris  2^ 
of  |»enis,  246 
,         pelvic,  244 
I      nervous  sx-^lem,  1 13,  2  ;K 
'      plexus»-s,  alKlominal  aortic,  245 

I auricular,  (tosierior,  242 
cardiac,  243 
carotid,  242 
cavernous  242 
of  clitoris,  246 
of  |ienis,  246 
cephalic,  242 
cervical,  242 
( iliary,  iJjo. 
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SjTTipathctic  plexuses,  r«cli«r,  143, 
deferential,  2a6 
femoral,  246 
ganglia  of,  233 
gastric,  245 
nernorrhiiidal,  2^ 
hepatic,  245 
hypogaslrir,  ^46 
iliar,  2.16 
lingual,  243 
mammary,  242 
maxillary,  24} 
meningeal,  242 
mescntcfir,  245,  2^6 
mycntcrir,  245 
nrtipital,  242 
uf  alxlominol  cavity,  345 
oiihthalmic,  242 
pKaryngeal,  ascending,  j^i 
phrenic,  245 
popliteal,  246 
prostatic,  246 
renal,  245 

spermatic,  internal,  245 

splenic,  245 

»u1)rlavian,  242 

submucous,  245 

suprarenal,  245 

temporal,  superficial,  342 

thoracic  .aortic,  243 

thyreoiti,  242 

ulcroi-aginal,  2a6 

\x-rlebral,  242 

%'esical,  n6 
rcKils  of  ciliary  ganKtion,  241 

of  otic  ganglion,  242 

of  submaxillary  ganglion,  242 
trunk,  2 TO 

ganglia  of,  235^ 

l<)wer  end  of.  240 

upper  end  of,  239,  240 
Systemic  circulation,  12 

veins  of,  28 


Tactilk  toruli.  im 
Twnia,  rhorioidal.  i^t 
plexuses  of,  1 1  ^ 
of  fornix, 

of  fourth  ventricle,  121 

thalami,  is6 
Tapetum  of  corpus  callosum,  147,  ist 
Tarsal  .xrchcs  of  eycli<ls,  27  < 

arteries,       jii  li 

glands,  272,  wo 

musi  lcs  of  eyeluk,  272 

plates  of  eyelids,  271,  272 
Tarsus,  306 

of  eyeliil,  271,  272 
Tears,  267 

Teeth,  arteries  of,  zji  ?2 

nerves  of,  ipi^.  joo.  204 
Tegmen  of  fourth  ventricle,  170,  171 
Tegmenlal  fasciculus,  (iuddcn's,  iSi 

radiation,  iSj 

wall  of  tvm|>anic  cavity,  285,  jS6 
TegmenteJ  portion  of  hypotlialatnus, 
iii2 


1  Tegmentomam miliary  fasciculus,  iSi  | 
Tegtncnium,  160  j 
decussation  of,  liiQ  I 
of  jMjns,  125 

red  nucleus  of,  1^  j 
Tela  thorioidea,  128,  156,  171 
Telencephalon,  12s.  MS  ) 

association  fibers 

commissural  fibers  in,  1 78  1 

projection  filx-rs  of,  17a 

tracts  of,  in  white  substance,  176  ' 
Temples,  303  i 
Tcmj>oral  arterioles  of  retina,  25^ 

artery,  deep,  ifi 
middle,  22 

superficial,  22^  26^  207 
gvTi,  141 

lobe  of  brain,  i.^o,  i.^6,  141 
nerves,  201 

pole  of  cerebrum,  1 30,  136,  143 
portion  of  corona  radiata,  178 
of  corpus  callosum,  147 
of  operculum,  mo 
rami  from  mandimiTar  nerve,  super- 
ficial, 203 
from  parotid  plexus,  202 
surface  of  eye,  249 
sym|>alhclic  (ilexus,  242 
veins,  deep, 
diploic,  87 
middle,  Qt 
Temporomaxlllary  vein,  qo 
Tendinous  annulus,  common,  263 
Tenon's  capsule,  j6s.  2£t6 
Tensor  chorioidea-,  2^1 

of  velum  of  palate,  nerve  to,  2fli 
tympani,  iAq 
muscle.  280 
nerw  of,  loi 
Semicanal  of,  iSq 
Tenth  cranial  nerve,  132,  187,  207, 

joH.    S«'e  also  Vagus  nerve. 
Tentorial  nerve,  106 

notch,  iSg 
Tentorium  cerelx-lli,  120,  |6^.  tSq 
Terminal  stria  of  lateral  ventricle,  i^o 
veins.  8ii 

ventricle  of  cord,  ufi 
Terminations  of  nerves,  Mj 
Testes,  arteries  of,  52 

h-Ttiphatics  of,  iii 

veins  of, 
Te*licular  artery,  ^ 

vein,  QQ 
Thalamencephalon,  i  s6 

development,  125 
Thalamic  ticduncles,  tSi 

region  of  internal  capsule,  1^ 

tuU-rcles, 
Thalamocortical  tract,  L&i 
Thalamomanimillary  fasciculus,  i£g 
Thalamus,  1 33,  is6.    See  also  Optic 

thiiltxmus. 
Thigh,  arteries  of,  66^  67 

lymphatics  of,  1 10,  ill 

muscles,  nerves  of,  2^6 

nerves  of,  230^  235 
sympathetic,  2j6 


Thigh,  regions  of,  305 
sensory  skin  areas  i>f,  2J2 
veins  of,  121 
Third  cranial  nerve,  131,  1,^4,  184, 

IQ-;.    Sec  also  Oculomotor  nrrve. 
digit  of  hand,  30? 
dorsal  metacarpal  artery,  50 
occipital  tvcri-e,  2±2 
ramus  of  trigeminal  nerve,  tqs,  2fil 
ventricle,  120,  Mj,  y4.  LSi 

chorioid  tela  of,  1  -j^ 
x-olar  metacarpal  artery,  ^ 
Thoracic  aorta,  ly^  52 

parietal  rami,  53 

sympathetic  plexus,  243 

visceral  rami,  £2 
arteries,  ij,  ^ 
cavity,  \>eins'of,  fil 
duct,  104 

lymphatics,  106.  ifl& 
nerves,  216,  ?  j6 
anterior,  iiq 
long,  2ih 
posterior,  212 
spinal,  L21 
sympathetic,  242 
portion  of  descending  aorta,  52 

of  spinal  cord, 
regions,  302^  30^ 
sympathetic  ganglia,  240.  242 
veins  qij^  33 
vis<era,  arteries  of,  32 
wall,  arteries  of,  33^  32^  33^  SJ 
lymphatics  of,  100 
Thoraco-acromial  artery,  ^  £3 

vein,  Q2 
Thoracodorsal  artery,  ^3 

ncr^•e,  210 
Thoraco-epigastric  vein,  q^i  1^ 
Thumb,  305 
arteries  of.  42 

radial  dorsal  digit.tl,  50 
ulnar  dorsal  digital,  47.  52 
ner\x-s  of,  222 
Thymus  gland,  arteries  of,  32 
development.  308 
lymphatics  of,  log 
veins  of,  8^ 
ThyTctKcrvicaT^runk,  ^  33 
Th\Tcoh)'oid  ramus  of  hypoglossus 
212. 

Thyreoid  artery,  inferior,  322  i£ 

superior,  22. 
gland,  arteries  of,  22,  23^  33^ 

development,  308 

lymphatics  of,  107 

nerws  of,  sympathetic.  242 

veins  of,  831  83 
region,  303 

sympathetic  plexus,  242 
veins,  inferior,  83^ 

su|>erior,  83 
venous  plexus,  83 
Thyreoidea  ima,  21^  a; 
Tibial  arteries,  70,  71,  72 
recurrent,  23 
dorsal  digital  artery  of  fifth  toe,  76 
of  fourth  toe,  76 


Digitize 
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Tibial  dorsal  digital  artrry  of  third 
toe,  TO 
ncTvc  cMhallux,  3^5. 
lymphatic  node,  lli 
nerve,  2^ 

antcnor,  »j6 
plantar  digitaTarleries,  iSi  7^ 
of  Mth  toe,  j6 

of  fourth  digit,  26  1 

of  hallux,  75,  26 

of  second  toe,  26 

of  third  toe,  26 
proper  digital  nerve  oThallux, 
veins,  loj 
Toes,  nob 

arteries  of,  74,  7S. 

little,  .^06 

nerves  of,  aj^  £^5 

repons  of,  ^06 

vrins  of,  122 
Tongue,  arteries  of, 

lymphatics  of,  loj 

nerves  of,  30^,  foj.  joS,  311 
sympathetir,  34  j 

veins  of, 
Tonsil  of  cerebellum,  165 

palatine,  arteries  of,  J.;,  74, 

nerves  of,  ioj^ 
Tonsillar  rami  of  glossopharvngeus, 

Torcular  Hcrophili,  85 
Torus  lubarius,  £qi 
Traihea,  arteries  of,  33,  40 

lymphatics  of,  107,  iflS 

ner\'es  of,  >tn 

veins  of,  ftj 
Tracheal   rami  of  inferior  th)Tcoid 
artery,  ^ 
of  recurrent  nerve,  11a 
Tragicus  musirle,  j<)7 
Tragus,  iqf) 

hair  ol,  _^oi 

isthmus  of,  2q6 

lamina  of,  jgO,  jq7 
Transition  gyri  of  cerebrum,  n6 
Transversus  auriculx  muscle,  .•()7 

cercliellar  fissure,  iftj 

cerebral  fissuri',  1  27,  1  ^4 

cervical  artery,  4j 
Vein,  <>2 

(rest  of~rnternal  auditory  meatus, 

facial  artery,  26 

vein,  gi 
fornix,  fjS 
iK-fipital  sulcus,  yj^ 
scapular  arterj-,  ^g,  ^  43 

vein,  g2 
<.inus  <if  cTura  mater,  85 
sulcus  of  antbelix,  £22 
tem|M>ral  gyri,  14J 

sulci,  14^ 
Tra]K-zoid  Uidy,  1 76,  187 
Triangular  fossa  ot  auricle,  236 
eminence  of,  £07 
portion  of  frontal  lobe,  1 
recess  of  third  ventricle,  i<;6 


Trigeminal  nerve,  i.^i,  tX3,  167,  18$, 
'04 

descending  root  of,  ifii 

nucleus  of,  no 
first  ramus,  iqs,  196 
nu<'leus  of  spinal  tract  of,  173 
second  ramus,  igs.  198 
spinal  tract  of,  ijj 
third  ramus,  195,  201 
Trigone,  collateral,  of  inferior  horn, 

delioideopectoral,  .^04 

habenular,  158 

hvpoglussal,  1 70,  188 

of  lemniscus,  ibj.  163 

omoclavicular,  30.^ 
Trochanteric  region,  .^os,  306 

rete,  68,  7^ 
Trochlea  oisuiKrrior  oblique  muscle 

of  eye,  265 
Trochlear  bursa,  365 

nerve,  1^  rjj,  18^  133 
nucleus  ol,  iSQ 
Truncus  arteriosus, 
Trunk,  lines  of,  .^04 

regions  of,  302,  ;^04 
Tul»  auditiva,  274.  2i>o.    Sec  also 
Eushtchian  lubr. 

uterina.    See  FaUofiian  luhfs. 
Tubal  ramus  of  t>Tnpanic  nerve,  207 

of  uterine  artery,  6_j 
Tuhar  cells  of  t)-mpanic  cavity,  287 

pneumatic  cells  of  Eustachian  tube, 
2&2i  £22 

Tuber  cincrcum,  iji^         lJ5j  LSi; 

1^.  ^£ 
of  vermis,  1^ 
Tuljerde,  acoustic,  171 
Tuln-rculuni  cuneatuni,  i6g 
Tunic-s  of  eyeball,  240 
Twelfth  cranial  nerve,  169,  188,  211 
Tympanic  arteries,  294 

anteri<ir,  aj 

inferior,  2£ 

jKJSterior,  jfi 

superior,  2& 
aperture  of  canaliculus  of  chorda 
tympani,  2&ti 

of  Eustachian  tulie,  jqo 
cavity,  274,  28 ^ 

arteries  of,  2g4 

carotid  walloT,  38s.  2M 

cupular  jK)rtjon,  2S6 

devel'ipment,  294 

jugular  wall  ot,  28^,  287 

labvTinth  wall  of,  2857^6 

lymphatics  of,  jg4 

mastoid  wall  of,  285,  286 

membranous  wall  of,  285,  286 

mucosa  of,  2g3 

nerves  of,  294 

pneumatic  cells  of,  387 

posterior  sinus  of,  286 

promontory  of,  28 s 
subiculuni  of,  2&6 

size,  282 

teginented  wall  of,  28;;,  286 
lubar  cells  of,  2S7 


Tympanic  cavity,  veins  of,  23^ 
walls  of,  28« 
cells,  282 
lip,  afii 

membrane,  274,  291 

cutaneous  layer,  292,  29 s 

development,  23^ 

fibrocartilaginous  ring  of,  232 

flaccid  portion,  292 

folds  of,  29^ 

lamina  propria  of,  292 

layers  of,  292 

limbus  of,  £22 

malleolar  stria  of,  232 

mucous  tunic  of,  291,  292 

ner\'es  of,  lo.^,  2<n 

nervous  rami  to,  203 

[Htsition  of,  29^ 

recesses  of,  293 

Secondary,  277,  23? 

stratum  circulare  of,  222 
radiatum  of.  232 

surfaces  of,  292 

tense  |M)rtion,  292 

umbo  of,  232 
nerve,  207,  28^,  204 
nervous  plexus,  207,  294 

anastomotic  ramus  to,  205 
notch,  292 
scala,  270]  3&2. 
sinus,  286 
sulcus,  231 
vein,  ai 

Tympanostapedial  syndesmosis,  2S&. 

Ulnar  artery,  £5,  ^ 
anomalies,  ^ 
recurrent,  42 
collateral  artencs,  4J 

ner\e,  224 
digital  arteries,  dorsal,  ^  jo 
of  fifth  finger,  18,  £1 
of  fourth  finger,  51 
of  index-finger, 
of  third  finger, 
of  thumb,  47j  ^ 
volar,  ar  ^ 
of  fifth  finger,  ji^ 
proper,  u 
nerves,  dorsalT 22t,  22? 

volar  proper,  of  fifth  finger,  22j 
of  fourth  finger,  22 ^ 
of  index-finger,  222. 

of  third  finger,  222. 
nerve.  220.  222 

ramus,    anastomosing,    of  radial 
ner^-e,  224 
of  internal  cutaneous  nerve,  22Q. 
repon,  305 
vein,  93 
Umbilical  artery,  6j 
region,  304 
vein,  08 

Umbo  ottympanic  roembratte,  3Q3_ 
Uncus,  130,  14 1 
Ungual  fold,  302 
Unguicular  regions,  30s,  306 
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rnpairi-H  thyrtoir]  venous  iili'xus,  ><j 
L  [i(>iT  cxircmitv,  arlcrirs  of,  21^  ^ 

articular  rrli.i  of.  ^ 

(Irvc'lopmcnt,  ;oS 

lym|)h;ilii«  of,  1 06.  107 

nrrvc*  of  niu*i  U-s  of.  jj; 

rcukini*  of,  .^o; 

Si-nsot)'  skin  arras  of,  23-^ 

voins  of,  9; 
li]>,  niTvi-s  ol,  n>i> 
I'rcthra,  arle-rii-s  TTT  [i^ 
l)ulU  of,  artfiy  of,  (^2 

vi-in  of,  LQfl 
vein*  of,  TOO 
rro^rnital  region,  ,^3<; 
I  ti-rinr  arli-rv,  6_j 

rit-rovanirml  syni|>allu-tic  pli-xus,  ijii 

vi-nous  plfxus,  mi 
I'lcrun.  arlcHe^i  of,  61^  t)^ 

lymphatirs  of,  no,  111 
I'trirular  nerve, 

Utrieulo-am|)ullarv  ramus  of  vestibu- 
lar nerve,  284 

rtritulosiiccular  <iui  t,  ^74,  J78 

L'trii  ulus,  J74.  ^7; 
development,  :;.'<4 
macula  arustiea  of,  ;7^ 
veins  of,  j8j 

I'vea,  j;;o 

L'vula  of  vermis, 


\'jV(iINA,  arteries  of.  6j 
Ivmphalici  rjf.  1 10 
nerves  of,  222 
Villus  nerve,  1  ^j,  i(x),  1S7.  207.  iflii 
alxlominal  portion,  s±i 
auricular  ramus  of,  3^ 
cervical  portion,  l^X) 
I  raiiial  portion,  acS 
tlmracic  portion,  joq 
Vallecula  of  cercWllum.  16; 
\'alsalva,  sinuses  of,  iq 
N'alve  of  \'icussfns.  liu 
Vascular  capsule  of  lens.  36_j 
tunic  of  eye,  250 

development,  2ti% 
Wins,  2^ 
acicssory  hcmi-azygos,  Sj 
alveolar  inferior, 
angular,  go 

antibracKial  median,  q± 
arch  of  foot,  icij 
articular  mandilmlar,  <2_i 
auditory,  internal,  86,  zSj 
auricular,  t^i 
axillary,  oj 
azyRos,  80 

development,  22 
basal,  as.  2i 

basilar  sinus  of  dura  iTUitcr,  SL 

Imsivcrtcbral,  &2. 

Wachial, 

bronchial,  anterior,  8^ 

bulb  of  internal  jugirt^r,  8^  85 

capital,  2i 

ra'diac,  78,  70.  Sfl 

ca:  ;inal, 


Veins,  carotid  venous  plexus,  internal, 

(  avernous  !.irius  of  dura  mater,  ill 
ce[)hali< ,  ai 
cereUliar,  iSii 
cerebral,  iid 
cervical,  deep,  8^ 

su]N  rric  ial,  <2i 

transverse,  j^J 
chorioid,  Sii 
ciliary,  S2j  -^V 

ciri  ular  sinus  of  dura  mater,  fill 

(olic.  o(>,  tjS 

common  facial,  .Sg 

condyloid  enijss.iry. 

confluens  ?;inuutii,  85 

conjuni  lival. 

coronary,  of  stomat  h,  qS 

sinus  of  heart.  7g 
costfvaxillarv.        g  ^ 
cubital,  meciian, 
1  vslit ,  <>8 

<tevelo()inent,  2°1 
digital,  of  foot,  102 

«»f  hand, 

j)lantar,  loj 
diploic, 

d<jrs;d  rami  of  intercostal,  Sj 
ducts  01  Cuvier,  12_ 
ductus  venosus,  <jg 
emissary,  .82 
cpig.aslric,  101,  1^ 

sujjerior,  8^ 
ei)iscleral,  87 
ethmoidal,  87 
facial  anaslomolic.  go 

common,  8f2 

posterior,  22 

transverse, 
femoral.  101 ,  ioj 
feinoro]>oplilcal,  10  ^ 
front.il,  2° 
gastric,  g8 
gastro-epljiloic,  38 
gluteal,  im 
henii-azygos,  Sti 

accfssr>ry,  8j. 

<levelopnient,  22 
hemorrhoidal,  inferior,  too,  mj 

niidilie.  isii 

plexus,  LfiQ 

sui>erior,  (>8,  lofv 
hepatica-  m.TJores 

minores,  (jh 
humeral,  (ircun)flex, 
hvpogaslric,  im 
ihiKiilic,  2^ 
iliac, 

common,  gg 

deep  circumflex,  ifli 

external,  mi 

internal,  ma 

superficial  circumflex,  lai 
iliolumbar,  inn 
innominate,  &2 

development,  77 
intercapituUr,  011001,  loj 

of  h,ind,  2_j 


Veins,  intercavernous  sinuses  i-f  dura 

mater,  isil 
intercostal,  &i 

anterior, 

sui)reme, 
interlobular,  gd 
inter%ertebraf7^ 
intestinal, 
jejunal,  g6 
jugular,  anterior,  2£ 

external,  j^i  Si 

internal,  22i  **i 

primitive,  72 

venous  arctCgj 
labial,  cjo,  LOa 
lachrymal,  82 
laryngeal  su|>irior,  Sg 
lateral  sinus  of  dura  mater, 
lingual,  Hg 

longitudinal  sinuses  of  dura  mater, 

vertebral  sinuses,  fii 
lumbar,  og 

ascendmg,  iii 
mammary,  internal,  S3 
mammillary  plexus,  g^ 
mandibular  articular,  gt 
masseteric,  i^i 
mastoid  emissary,  82 
meningeal,  middle,  S^,  ai,  gi 
mesenteric,  inferior.  g8 

superior,  g6 
inelacurpal.  g^ 
inet.itarsal,  10/,  toj 
musculophrenic,  sujierior,  8j 
nasal,  external,  go 
nasofrontal,  82,  go 
obturator,  too 
occipital. 

diploic,  82 

emissary,  82 

sinus  of  dura  m.iter, 
of  .ilimentary  canal,  36 
of  auricle,  ^g' 
of  bladder,  loo.  mi 
of  brain,  8s,  88^  1^ 
of  breast,  "Sj 
of  hroni  hi.  83 
of  bulb  of  urethra,  ma 
of  chorioid  I'lexus,  M 
of  clitoris,  100.  mi 
of  cochlea,  aSj 
of  cochlear  ac|ueducl, 

canaliculus,  89 
of  coniunctiva,"B7,  274 
of  c  orpus  eallosum, 

striatum, 
of  diaphragm,  8j 
of  dorsum  of  foot,  lai 

of  hand,  gj 
of  ducxlenum,  36 

dura  mater,  85 
of  car,      ^ a8s,  J04.  tqs-  -Q' 
of  Kustachian  tube,  8q 
of  external  auditory  meatus,  jqi; 
of  eye,  85^  82j  0£ 
of  cyelwll,  2^ 
»>f  eyelids,  j^J 


INDF.X. 


(  ins  of  fare, 
of  lingers, 
of  foot, 

of  uall-blacldcr,  ^8 

of  hiiii'l,  (li 

of  bciH.  Si  Si 

of  heart,  ^^i;  £0 

of  inlcstincs,  Qh^ 

of  kiilnry.  22 

of  kncc-joitit,  lo^ 

of  labia,  100, 

of  labyrinth,  jSf 

of  l.irynx,  K^i  !^ 

of  Itrft  atrium  of  hrart,  22. 

vcntriilf  of  heart,  20 
of  leR.  im 

of  Ifxscr  rirrulation,  jH 
of  lips,  2£ 
of  livrr,  r/) 

of  lowi-r  extremity,  lai 
of  I  aril's.  2^ 

of  mammary  inlands,  ;oi 
of  Marshall,  22 
of  nic<lulla  oblong.ita,  &d 
i>f  membranes  of  lir.iin,  iqj 
of  iiuxiiolui,  spiral, 
of  iTiouth.  fliKir  of,  fjg 
of  nerk,  Kjj  Sj, 
suiH-rtuial,  <)i 
of  nuchal  region, 
of  crviphagus,  S3.  q8 
of  omentum,  oS" 
of  orbit,  22 
f>f  ovaries,  qq 
of  palate,  S^. 
f)f  )>alm  of  hand, 
of  jwntTcas, 

of  parotid  glands,  go,  ^ 

of  iH-nis.  100,  10? 

of  [M-ri(  ardium,  S_j 

of  phalanges  of  foot,  UU 

of  hand, 
of  pharynx,  Hj^^  >^ 
of  pineal  hixly,  5ii 
of  |>inna,  i>t 
of  (Mjns,  .SjT" 
of  pterygoid  canal,  8g^ 
of  jiulmonary  circulation,  2^, 
of  rrrtuni,  ^lii  '°° 
of  retina,  2^4 

central,  87 

of  Ros<-nt!ui,  aa 

of  sacculus,  jSj 

of  «  roium,  100.  loi 

of  semicirrular  canals,  jSn 

of  Septum  jM-llucidum,  KS 

of  slKiulder. 

of  skull,  K5 

of  sole  of  fo<it,  10 ^ 

of  s|)ermatic  cord,  QQ 

of  spinal  cont,  1  n 

of  spleen.  yO,  ^8 

of  stomach,  i)f),  <>H 

of  sublingual^ands,  8j 

of  submaxillary  glands,  Sij 

of  suprarenal*,  jja 

of  systemic  circulation,  28 

of  test»'s, 


Veins  of  thalamus,  SS  ' 
of  tliigh,  lai 
of  thorax.  82^  q2 
of  thymus  glantT.  Sj 
of  thyr«-oid  gland,  S.;.  So 
of  icK-s;  10;? 

of  tongue,  fk)  | 

of  Irai  hea.'Kj 

of  tyini«anic  cavity,  £04 

of  tympanum,  qi 

of  upper  extremity,  <j£,  i)^ 

of  urethra,  10a 

of  utriculus,  j8i; 

of  verleliral  column, 

of  vestibular  afjUeducl, 

of  vestibule,  100 

ophthalmic,  82 

palatine,  go 

|>al()cbral, 

pampiniform  plexus,  qo 
pancreatic,  gfi 
|>ancreati<o<lutxlenal.  ^6 
para-umbilical,  tjti 
parietal  emiswry.  Sj^ 

rami  of  hyi:Kigastrir  vein,  ica 
of  inferior  vena  cava, 
parotid,  ijo,  01 

perforating,  oT  lower  extremity,  lcli  ' 
ramus  of  internal  manimar) .  < 
pericardiac,  8^ 

jx'trosal  sinuses  of  dura  malcr,  Hii 
I>haryngeal,  tfg 

phrenic,  inferior,  22  j 

sujK-rior, 
plantar,  lo^ 

plexuses,  hemorrhoidal,  ica 

mammillarv,  2,j 

of  skull,  82 

jiampiniform,  02 

pharynjjeal,  8^ 

pterygoid,  2I 

pudendal,  im 

sacral  anterior,  ino 

th\Teoid,  8j  I 

uterovaginal,  icn  | 

vesical,  im  I 
|>oplite:il.  103 
f>ortal.  Qft 

acc  essory,  22 
puclendal,  external,  mi 

internal,  laa 
pulmoiiary,  jS 
pyloric,  28 
radial, 

renal,  qc)  | 
retia,  cTTdorsum  of  f<K)t.  lii  | 
of  hand,  (jj  j 

of  foramen  ovale.  8^1  21  , 

of  hypoglossal  canal,  82 

plantar,  loj 

vertebral,  lij 
sacral,  unci 

sagittal  sinuses  of  dura  mater,  8^ 
saphenous,  102,  103 
scapular,  circumflex,  2i  i 
transverse,  ; 
scrotal,  |)os(crior,  icq 
sigmoid,  28  [ 


oins,  sinus  reuniens,  2^ 
sinuses  of  dura  mater,  Sj 
spermatic ,  qq 
sphenopalatine,  01 
sphenoparietal  sinus  of  dura  mater, 

spinal,  1 14 
e.xtcrn.il,  iLi 
internal.  &2 

rami  of  intercostals.  Si 
splenic ,  28 

sternal  rami  of  internal  mammarv, 

sternocleidoniastoid,  8<^ 
straight  sinus  of  dura  mater, 
stvlomastoid,  r^i 
sulxardinal,  development,  22 
sulnlavian,  qi^ 

development,  22 
sublingu.tl,  82 
subment.il,  c)o 
subscapular, 

supracardinar<icvcloj)mct»l,  2? 
supra-orbital,  c£o 
suprarenal,  22 
tem|K)ral,  d«-cp,  2J 

diploic,  Sj 

middle,  2i 
temporomaxillary,  go 
terminal,  iSi 
tc-sticular,  22 
thoracic,  lateral, 
ihoraio-acroiiiial, 
thoraoj-epigastric, 
thymic,  8j 
thyreoid,  inferior,  8j^ 

superior,  82 
tibial.  lo^ 

torcular  Ilerophili,  8^ 
traciieal.  8j 

transverse  sinus  of  dura  iruitcr, 
tymj»anic,  21 
ulnar.  rj_i 
umbilical,  28 
urethral,  loc^ 
uterovaginal  plexus,  mi 
Vena  cava,  inferior,  28,  25 
development,  2I1 
juarietal  rami  of,  22 
visceral  rami  of,  q6 
su()erior,  28j  Sfl 
azygos  major,  &i 

minor,  ii 
comitans  of  hypoglossal  nerve.  82 
lienalis,  qS 
thjTeoidea  ima,  8_j^ 
wnous  arches  of  upf>er  extremity.  q_j 
wrtebral.  8^ 
retia.  ILl 

sinuses,  longitudinal.  &2 
x-esical  plexus,  loj 

rami  of  hj-jxigastric  vein,  lac 
of  inferior  vena  cava,  ^ 
vcvrlicose.  87^  £58 
\'elum,  medullarv,  anterior,  i;;. 
iSu.  ' 
pc»terior.  16^,  171  , 
of  |>alate,  t»erves  cjf,  jot,  ^o? 
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N'ena  azygos,  major,  fii 
minor,  81 
cava,  fold  of,  jJi  Z2 
inferior,  q£ 

ilcvclopmcnt,  2X1  2§ 
parietal  rami  off  go 
visceral  rami  of,  ^ 
tigamcni  of,  22i  22 
superior,  jS^  Sfl 
comitans  of  nvpoglowal  nerve,  83 
hepatira  majon*,  q6 

niinoris,  56 
lirnalis, 

ihvTtoidca  ima,  83 
\'cnous  angle,  8_j 
arches,  juKular, 
of  fooC,  lOJ,  10,^ 
of  hand, 
plexuses,  &2 

niammillarv,  301 
of  skull,  82 
pterygoidToj^ 
thyreoid,  unpaired,  8j 
vertebral,  Si 
sinus,  scleral,  24q,  j^q 
Ventral  acoustic  nucleus,  182 

area  of  cord,  uA 
Ventricles  of  brain,  tt), 

fourth,  122,  rji  LlSi  112;  ^ 

also  fourth  ivnlricU. 
lateral,  tin,  no.    See  also  Lat- 

frill  xf  iitrkU. 
third,  ijg,  iw,  155 
chorioid  tela  of,  1^4 
of  cord,  ttTmin^il.  1  iS 
Venules  of  retina,  iS4 
Wrniis.  n^.  l(>^ 
central  lobule  of,  ittd 
U,\^0it\  of.  iSiSi 
lir^ila  of,  Uih. 

vinculum  of,  \bi 
lobules  of,  lilt 

relations  to  cerebellar  loVjules,  lifi  | 
m»-<lullary  U)dy  of,  162  ' 

substance  of,  i 
monticulus  of,  iLii 
nodule  of.  iMl 
of  cerrbellum,  1  tq,  \\2,  1(1% 
tulx-r  of,  ibb. 
uvula  of,  166 
\'erlibral  artery.  ^ 
canal,  development,  1 
column,  development,  ^o8 

veins  of,  fii  ' 
relia,  venous,  8i 
sympathetic  jtlexuscs,  242 
vein,  8^ 


Vertex,  30^ 

Vesical  artery,  inferior,  6^ 

nerves,  inferior,  jjj 

sympathetic  plexus,  246 

venous  plexus,  loi 
Vestibular  aperture  of  ccKhIca,  j8i 

aifucduct.  veins  of,  38c 

areas  of  internal  auditory  meatus, 

artery,  28^ 

bulb,  artery  of,  65 

caxum  of  ear,  276 

crest  of  ear,  t^ij^ 

fenestra  of  ear,  ?7q,  aSj 

ganf^lion,  2^^ 

lip.  iSi 

membrane  of  car,  £22 
nerve,  17^,  187.  ^8; 
lateral  nucleus  of,  18^ 
nuclei  of,  17s.  187 
pyramid,  270 
saccules,  374 
scala,  I'b,  aSi 
Vestibule  of  vagina,  nerve*  of, 
of  car,  £28 
cavity  of,  2-<) 
vein  of,  iQo 
Vestibulocochlear  artery,  285 
Wslilnilospinal  tract,  lateral,  11& 
Wstigial  fold  of  pericardium,  22 
Vibrissie,  ,^01 
\'idian  artery,  23 

nerve,  ipg 
Vieussen's  ansa,  241 

valve,  1S12. 
Vinculum  of  lingula,  16^ 
Vis»era,  aMominal,  lymphatics  of,  126 
cervical,  arteries  of, 
development,  ^o6 
pelvic,  arteries  of,  61 
thoracic,  arteries  of,  ^ 
lymphaticti  of,  mtt 
Visceral  arch,  jo8 
canal,  308 

embryonic,  306 
cavity,  embryonic,  30^ 
rami  of  alidominal  aorta,  5^  55 
of  hypogastric  artery,  6ij  6j 

vein,  loo 
of  inferi<ir  vena  cava,  g6 
of  thoracic  aorta, 
X'isual  organ,  247.    See  also  Eyt. 
Vitreous  l»cxly,  2SS.  a.S^ 
arteries  of,  2£2 
d(^veU)pmenl,  2£lz 
hyaloid  membrane  of,  256 
veins  of,  j|;7 


Vitreous  humor,  2j6 

stroma,  256 
Volar  arch,  deep,  46,  ^ 

superficial,  46.  ^  ^ 
carpal  rele,  ^ 
digital  arteries,  47,  so.  %t 

nerves,  221,  222.  223.  225 

veins,  3^ 
interosseous  artery,  48 

nerve,  iti 
metacar|>al  arteries,  50^  5j 

Veins,  2i 

rami  of  internal  cutaneous  nerve, 

of  radial  artery,  ^ 

collateral  artery,  44^ 
of  ulnar  artcrv-,  ^8 
nerve,  222.  223 
rejfion,  305 
Vortices  of  hair,  joi 
\  orticose  veins,  Sjj  258 

White  commissures  of  cord,  iiS 
rami  communicantes  of  sympathetic 

truck,  2» 
reticular  suMtance  of  hippocampus, 

of  medulla  oblongata,  ijj 
stratum,  deep,  if>o 
substance  of  spinal  cord,  1 1 2.  t  to 
of  telcnceplialon,  tracts  in,  126 
Wool  hair,  301^ 
Wrislx-rg's  ganglion,  243 
nerve,  187,  205 

\  ELtow  spot  of  retina,  35^ 

ZiNN'fi  annulus,  26^ 

2onule,  2^6,  2^7 
Zones  of  ins,  252 

root,  of  cord,  ll8 
Zonula  riluiris,  2\ti,  2i;7 

dcvelopnwnt,  ?67 
Zonular  filxTS  of  ciliary  zonule,  2S7 

sfiaces,  2^7.  ££<) 
Zonule,  ciliary,  2^,2,  2S7 

of  Zinn,  25ft,  257 
Zygomatic  nerve,  iqS 

rami  from  parotid  plexus,  202 

region,  303 
Z\-guniaticofacial  ramus,  1^ 
Zygomatico-orbital  artery,  2^ 

foramen,  138 
Zygomaticotemporal  ramus,  i^ 
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